RADC-TR-£5-37, Vol (il (of three)
Final Technical Report
February 1983

AD~-A153 990

SPECIFICATION OF SOFTWARE QUALITY
ATTRIBUTES  Software Quality
Evaliation Guidelbook

£ Boeing  Aerospace Company

o
$ ety

Thomas P. Bowen, Gary B, Wigle and Jay T. Tsai

APPROVED  FOR  PUBLIC ~ RELEASE;  DISTRIBUTION ~ UNLIMITED

ROME AiIR DEVELOPMENT CENTER
Air Force Systems Command
Griffiss Air Force Base, NY 13441-5700

anie FILE COPY

..........
......................

D ELECTEER

DTIC

"""""""""
........

P



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
'NUMBER OF PAGES WHICH DO NOT

,REPRODUCE LEGIBLY.




This report has been reviewed by the RADC Public Affairs Office (PA) and
is releasable to the National Technical Informaticn Serxvice (NTIS). At NTIS
it will be releasable to the general public, including foreign nations.

RADC-TR-85-37, Volume III (of three) has been reviewed and is approved
for publication.

W /8 fona
APPROVED: ;lz Frndcs.

ROGER B. PANARA
Project Engineer

I’ / I
APPROVED: /ﬂﬂfﬂ*%g / «/ég};"-
v, A4

RAYMOND P. URTZ, JR.
Technical Director
Conmand & Contrc. Division

FOR THE COMMANDER: ZM 7% Z ‘

DONALD A. BRANTING
Plans Office

If your address has changed or if you wish to be removed from the RADC
mailing list, or if the addressee is no longer employed by your organization,
please notify RADC (COEE) Griffiss AFB NY 13441-5700. This will assist us in
maintaining a current mailing list.

Do not return copies of this report unless contractual obligatioms or notices
on a specific document requires that it be returned.

L T e L T

.
:

-
:

-
.
).

'S R A e S d B el s il NS of K8 IR g B

X oy -

> ¥
a7y

.

Rl A



20,

S
cil

o

-
LI T e

e i s P P g e g P s S

UNCILASSIFETIED

SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

1b RESTRICTIVE MARKINGS

18 REPORT SECURITY CLASSIFICATION

UNCLASSIFIED N/A
28 SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION/AVAILABILITY OF REPORT
N/A Approved for public release; distribution
20 OFCULASSIFICATION/OOWNGRADING SCHEDULE unlimit:ed .
N/A
4 PERFORMING ORGANIZATION REPORT NUMBERIS) 5. MONITORING ORGLANIZATION REPORT NUMBER.S|
D182-11678-3 RADC-TR-85-37, Vol III (of three)
68 NAME OF PER~QRMINL ORGANIZATION b. OFFICE SYMBOL 7s. NAME OF MONITORING ORGANIZATION

(If applicable)

Boeing Aerospace Company Rome Air Development Center (COEE)

6¢c. ADDRESS (City State and Z1P Code)

P.0. Box 3999
Seattle WA 98124

7b. ADORESS (City, State and ZIP Code}

Griffiss AFB NY 13441-5700

8s. NAME OF FUNDING/SPONSORING 8b OFFICE SyMmB80L 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (17 applicable)
Rome Air Development Center COEE F30602-82-C-0137

8c ADORESS (City, State and Z1P Code) 10 SOURCE OF FUNDING NOS

PROGRAM PROJECT TASK I WORK UNIT

Griffiss AFB NY 13441-5700 e hoGRAM 0 ase "
53728F 2527 03 05

11 YITLE rinciude Security Classification)

SPECLIFICATION OF SOFTWARE QUAL1TY ATTRIBUTES Software Quality Evaluation Guidebook

12. PERSONAL AUTHOR(S)
Thomas P. Bowen, Gary B. Wigle, Jay T. Tsai

1Ja. TYPE OF REPORT 13b. TIME COVERED 14 DATE OF REPORT () r, Mo., Day) 15 PAGE COUNT
Final Ffrom _Aug 82 to Oct B84 February 1985 314
16 SUPPLEMENTARY NOTATION
N/A
17 COSATI CODES 18 SUBJECT TERMS (Conlinue on reverse if necessary and identify by block number}
FIELD GROUP SUB. GR Software Quality
09 02 Software Quality Metrics

19. ABSTRACT Continur on reverse if necessary and identify by block number,

Volume I (of three) describes the results and presents recommendations for integrating the
RADC Jeveluped software quality metrics technology into the Ai. Force software acquisition
management process and for changing Air Force acquisition documentation. In addition,
changes tu the baseline software quality framework are presented and Teatures of a prupused
specilication methvdulogy are summdrized. Terminology <nd 1ife cycle phases die wuusisteul
with the December 1983 draft of the DOD-STD-SDS, Defense System Software Development.

Volume IT (of three) describes how the software acquisition manager specifies software
quality requirements, consistent with needs. TFactor interrelationsliips, tradeoff among
factor quality levels in terms of relative costs and an example for a command and control
4pplication are described. Procedures for assessing compliance with the specificd require-
ments bdased on an analysis of data collected using procedures described in volume ITI aie
included.

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATICN

UNCLASSIFIED/UNLIMITED C saME as ApT (F ovicusers O UNCLASSIFIED

222 NAME Of RESPONSIBLE INDIVIDUAL
Roger B. Panara

22b TELEPHONE NUMBER
tInclude Areg Code)

(315) 330-4654 RADC (COEE)

EDITION OF 1 JAN 73 1S OBSOLETE UNCLASSIFIED

22¢ OFFICE SYMBOL

DD FORM 1472, 83 APR

SECURITY CLASSIFICATION OF THIS FAGE

« >




| AR RS SO AN S AL AL SEAE L EURG S LRI E ST kX . - T TR U LR T Ty I
iﬁjﬁ

)

p“:“

K|

e UNCLASSIFIED

R, < SECURITY CLASSIFICATION OF THIS PAGE

%

R Y

L, AN Volume III (of three) describes procedures and technijues for evaluating achieved quality
’L‘m levels. Worksheets for use in metiic data collectior by software life cycle phases and
:‘Q_ scoresheets for scoring each factor are provided.

-'.‘\“’

"Al."l

.

DTIC

F1ECTE

B

Accession For
NT- RAESS
“ -

Ao

v

PRS-

v
- R S O 4
o e
: " ility Codes
‘, .1 andfor
e | “uocial

<

R e e i i
.
3
ag”

=7
-
|

- S \

@ g UNCLASSIFIED

A \

-':. . . ‘ SECURITY CLASSIFICAT.ON OF THIS PAGE
X [ . N
W

F:.

{4 -

7.

i

4

Licad ]
iﬁczi
R 2

a

AL PN oM, v PR
RV AR LN T T oo e
1A RSN N WA et T e e
‘(\"-"‘g AT Ay IRC AT T e L AN
Pt et Een et e e




\\

@ & i

O T T

PREFACE

This document is the third of three volumes of the Final Technical Report (CDRL
-A004) for the Specification of Soitware Quality Attributes contract, F30602 -32-C-
0137. Contract work was performed by Boeing Aerospace Company (éAC) for Rome
Air Development Center (RADC) to provide methods, tec’llrﬁgys, ar/":i guidance to Air

Force software acquisition managers who specify the requirements for software

o

quality.

e e

The purpose of this contract was to (1) consolidate results of previous RADC contracts
dealing with software quality measurement, (2) enhance the software quality
framework, and (3) develop a methodology to enable a software acquisition manager to
. . . . e T T TN
determine and specify software quality factor requirements. We developed the
A%l 2 g8 d . « euw
methodology and framework elements,to foclis on an Air Force software acquisition
manager specifying quality requirements for embedded software that is part of a
command and control application. This methodology and most of the framework

elements are generally useful for other applications and different environments.

The Final Technical Report consists of three volumes:

a. Volume I, Specification of Software Quality Attributes—Final Report.

b. Volume II; Specification of Software Quality Attributes—Software Quality
Specification Guidebook. L

c. Volume III, Specification of Software Quality Afc_;r_ibutesQSbftm are Quality

Evaluation Guidebook.

Volume I describes the results of research efforts conducted under this contract,
including recommendations for integrating quality metrics techneology inte the Air
Force software acquisition management process, recommended changes to Air Force
software acquisition documentation, and summaries of soft'vare qua.ity framework

changes and specification methodology features.

Volumes II and III describe the methodology for using the quality metrics technology
and include an overview of the software acquisition process using this technology and
the quality framework.;}/olume II describes methods for specifying software quality

requirements and addresses the needs of the software acquisition manager.\ Volume III
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describes methods for evaluating achieved quality levels of software products and
addresses the needs of data collection and analysis personnel.

e
Volume II also describes procedures and techniques for specifying software quality
requirements in terms of quality factors and criteria. Factor interrelationships,
relative costs to develop high quality levels, and an example for a command and
control application are also described. Procedure< for assessing compliance with

specified requirements are included.

Volume III also describes procedures and techniques for evaluating achieved quality
levels of software products. 'Worksheets for collecting metric data by software life-
cycle phase and scoresheets for scoring each factor are provided in the appendixes.
Detailed metric questions on worksheets are nearly identical to questions in the
Software Evaluation Reports proposed as part of the Software Technology for
Adaptable Reliable Systems (STARS) Measurement data item descriptions (DID).
h

Terminology and life-cycle phases used in the guidebooks are consistent with the
December 1983 draft of the Department of Defense software development standard
(DOD-STD-SDS) (e.g., the term computer software configuration item (CSCI) is used

rather than computer program configuration item (CPCI)).
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1.0 INTRODUCTION
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I

1.1 BACKGROUND

There has been a recent, increased awareness of critical problems encountered in
developing large-scale systems involving software. These problems include cost and
schedule overruns, high cost sensitivity to changes in requirements, poor performance

of delivered systems, high system-maintenance costs, and lack of reusability. o

The government (the Department of Defense (DOD) in particular) as a customer for o
large-scale system developments, has sponsored efforts to address these probleims; for
example, development of Ada programming language and Ada programming support
environments (APSE), proposed DOD standards for software development (DOD-STD-
SDS) and quality (DOD-STD-SQS), the Software Technology for Adaptable Reliable r
Systems (STARS) program, proposed STARS measurement data item descriptions

(DID), and various development aids and tools. These all provide partial solutions.

| B

Since 1976, Rome Air Development Center (RADC) has pursued a program intended to

&

achieve better contro! of software quality. Through a series of related contracts, this

P

program has sought to identify key software quality issues and to provide a valid
methodology for specifying software quality requirements and measuring achieved

quality levels of software products released incrementally during the software life

@]

cycle. A quality model was established in which a hierarchical relationship exists

¢
»
A b, ke

between a user-oriented quality factor at the top level and software-oriented

- -

7

attributes at the second and third levels (criteria and metrics). Software quality is

predicted and measured by the presence, absence, or degree of identi

.m,,
]

attributes. (See Sec. 2.2 for an explanation of the quality model and an overview of

[N
» nls
T
P

quality factors and attributes.)

,.
174"
LT,
.
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el

The Final Technical Report for this contract (F30602-82-C-0137) contains the most
recent results of the RADC software quality program. This report incorporates
pertinent results from and uses foundatiuns established in previous contracts. The

Final Technical Report consists of three volumes: the Final Report, the Software

S

L

Quality Specification Guidebook, and the Software Quality Evaluation Guidebook.
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1.2 PURPOSE

The purpose of this guidebook (Vol. IIl, Software Quality Evaluation Guidebook) is to
provide a comprehensive set of procedures and techniques to enable data collection
personnel to apply quality metrics to software products and to evaluate the achieved
quality levels. Volume JI, Software Quality Specification Guidebook, provides a
comprehensive set of procedures and techniques to enable an Air Force software
acquisition manager to specify quality requirements for software embedded in

command and control systems. Volume I, Final Report, summarizes the results of
contract task efforts.

The purpose of the quality metrics technology is to provide a more disciplined
engineering approdach to specifying, predicting, and evaluating software quality. The
benefits of this approach include software life-cycle cost savings (or cost avoidance)
and software products that reflect user-customer quality needs. Rigorous application
of metrics at incremental releases of software products throughout the life cycle
provides for early detection of quality-related problems. Periodic assessment of

quality levels provides better management visibility and enables timely decision
making.

1.3 SCOPE

Section 2.0 describes the role of quality metrics in the software acquisition process.
Descriptions of the system acquisition life cycle and software development cycle are
provided with a discussion of their relationships. Specifying quality requirements and
monitoring software product quality levels are described within the life-cycle

perspective. The software quality model and framework elements are introduced.

Section 3.0 describes quality framework terminology and concepts key to
understanding subsequent details. All framework elements—factors, criteria, metrics,
worksheets, and scoresheets—are also described.

Section %.0 describes procedural steps for applying quality metrics to products of the

development process, calculating achieved quality levels, and analyzing scoring
results.

. e, T A




This guidebook incorporates pertinent results from previous research concerning
software quality measurement conducted for RADC. Results of this research are
described in Software Quality Measurement for Distributed Systems, RADC-TR-83-

175, Volumes I, II, and IIl. Significant enhancements were made to framework

elements during this contract. Factors are categorized under performance, design,
and adaptation to aptly indicate acquisition concerns. Criteria are organized under
the same three acquisition concerns, thereby simplifying the attribute relationships.
Metric questions on the worksheets include explanatory information and formulas and
are nearly identical to the questions in the Software Evaluation Reports proposed as
part of the STARS measurement DIDs. Software life-cycle phases and terminology

used throughout this guidebook are consistent with the December 1983 draft of DOD-
STD-SDS.

1.4 USE OF THE GUIDEBOOKS

This Software Quality Evaluation Guidebook addresses the needs of personnel
collecting and analyzing metric data. Procedures are provided for applying metrics,
generating metric scores, analyzing scoring, and reporting results. The Software
Quality Specification Guidebook (see Vol. II) addresses the needs of Air Force software
acquisition managers. Procedures are provided for specifying quality requirements and
for assessing compliance with requirements.

Procedures in each guidebook are contained in Section 4.0. Sections 1.0, 2.0, and 3.0
contain nearly identical information on the elements, perspective, and role of quality

metrics technology.

The guidebooks were designed for use with new projects, in which procedures are
performed (primarily) chronologically throughout system and software life cycles as
depicted in Figure 1.4-1. Using quality metrics technology and guidebooks for
evaluating system and software products in other contexts is addressed in Section 4.0.
Detailed explanaticns f life-cycle phases, review points, framework elements, and

methodology are provided in Sections 2.0, 3.0, and 4.0.
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2.0 ROLE OF QUALITY METRICS IN THE
SOFTWARE ACQUISITION PRGCESS

f e e e hmgp—— = = =

This section examines elements of Air Force system acquisition and software
acquisition processes, describes the process used for specifying and monitoring quality
levels, and discusses the role of quality metrics (QM) technology in the Air Force i
software acquisition anagement process. Consideraticns include how QM technology
can be integrated into the Air Force sofiware acquisition process and how existing
mechanisms within the acquisition process can be used to implement QM technology.
Advantages and disadvantages of using CM technology in software acquisition P
management and of integrating QM technology into the software acquisition

management process are also discussed.

2.1 SOFTWARE ACQUISITION PROCESS

T

The following sections describe selected concepts associated with Air Force software

PP

acquisition management, including system acquisition life cycle, software development
cycle, life-cycle relationships, software acquisition management, verification and [
validation (V&V), and quality assurance (QA). Concepts introduced here provide a

basis for discussions of QM technology integration and implementation in the
acquisition process in later sections. The system acquisition life cycle and software ;
development cycle are fully defined in DODD 5000.1 and DOD-STD-SDS and are only ’
summarized here. This section is not intended to describe all activities of each life-
cycle phase but to establish the background for discussion of the role of QM
technology.

2.1.1 System Acquisition Life Cycle

The system acquisition life cycle defined in DOD-STD-SDS consists of four phases:

e concept exploration, demonstration and valication, full-scale development (FSD), and

[L

production and deployment. Four major decision points are associated with these
phases as shown in Figure 2.1-1 and as defined in DODD 5000.1 (Major System
Acquisition).  These points are mission need determination; concept selection,

milestone I; program go-ahead, milestone II; and production and deployment, milestone

.
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(Secretary of Defense Decision Points)

MISSION IAILESTONE 1 MILESTONE 1t MILESTONE I
-
NEED
CONCEPT PROGRAM PRODUCTION &
DETERMINATION SELECTION GO-AKEAD LePLOYMENT
)
CONCEPT DEMONSTRATION FULL SCALE PRODUCTION/
T EXPLORATION T AND VALIDATION T DEVELOPMENT T 0(5"10"“5'"
' ' ' )

(Life Cycle Phases)

Figure 2.1-1 System Acquisition Life-Cycle Phases and Decision Points
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)
IIl. The Secretary aof Defense, advised by the Defense Acquisition Executive (DAE), :
decides at these points whether to continue the program and proceed to the next phase »
or to terminate the program. The system acquisition life cycle applies to the whole ;
system, not the individual paris. .
Concept exploration is the initial planning phase, during which the role of and plans
for using computer resources in the system are explored. During demonstration and ;
validation, translating operational requirements into functional, interface, an' :::
performance requirements is completed; and requirements for each hardware and
software configuration item are defined. During FSD, the system is designed, bu.ls,
tested, and evaluated. These initial three phases should result in a system meeting E

specified requirements. Production and deployment includes production (i. ap,.ic=i-'e}
and delivery and includes all activities involved in supporting the system until it 1s
retired.

s & LRI

2.1.2 Software Development Cycle

v .
.

The software development cycle, as defined in DOD-STD-SDS, consists of six phases:
software requirements analysis, preliminary design, detailed design, coding and unit

testing, computer software component {CSC) integration and testing, and computer

S s (. i VERg

et N

software configuration item (CSCI) level testing {see Fig. 2.1-2). This cycle, however,

LY

is not standardized and there are many variations throughout the industry. Although

names and breakdowns vary, the same process is generally followed. E
All software requirements are specified during software requirements analysis. The '.'
authenticated software requirements specification (signed off by both the customer ﬁ
and contractor) forms the baseline for preliminary design. During preliminary design, >
a modular, top-level design is developed from the software requirements. During .?
detailed design, the top-level design is refined o successively lower levels until :
individual units, which perform single, nondivisible functions, are defined. During ::'_
coding and unit testing, the designer translates the design approach into code and 5
executes verification tests. During CSC integration and testing, code units are -:
integrated and informal tests are performed on aggregates of integrated units. This
cycie concludes with CSCl-level testing, during which formal tests are conducted on :f:‘
the software. E
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Figure 2.1-2 Software Development Cycle

2-4




As with the system acquisition life cycle, the software development cycle has decision
points associated with most phases. These decision points (shown in Fig. 2.1-2) are
the: software specification review (SSR), preliminary design review (PDR), critical
design review (CDR), test readiness review (TRR), and functional configuration audit
(FCA)/physical configuration audit (PCA). These decision points are quite different
from decision points associated with the system acquisition life cycle. At these
decision points it is not determined whether to continue or terminate the program;
rather, progress up to that point is reviewed and it is decidea if the developer has

completed the current phase and is ready to proceed into the next phase.
2.1.3 Life-Cycle Relationships

Each CSCI to be developed goes through the entire software development cycle. The
software development cycle can be completed in a single phase of the system
acquisition life cycle or can overlap sever.l phases. For example, software could be
developed for risk-reduction analysis during concept exploration or demonstration and
validation. This software could be used to validate the feasibility of an algorithm or
to compare alternative approaches. This type of software may not be in the language
required for the operational software and may not be targeted for the same computer.
However, it still goes through the entire development cycle. The same is true for test
software developed to aid in validation of the operational software. Operational
software development may overlap several system life-cycle phases; requirements
definition for operational software begins early in the system acquisition life cycle,
although operational software is not fully developed until FSD. In this guidebook
operational software quality is the primary concern; therefore, the relationship of the
operational software development cycle to the system acquisition life cycle will be

examined.

There is a specific relationship between the operational software development cycle
and the system acquisition life cycle in most system procurements (see Fig. 2.1-3).
The software requirements analysis phase overlaps part of the demonstration and
validation phase and the beginning of FSD. The remaining operational software
development phases occur during FSDj i.e., preliminary design tnrough CSCI-level
testing of the so.tware development cycle. This relationship is assumed for the

remaining discussions.
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2.1.4 Software Acquisition Management

The software acquisition manager has various responsibilities during the software
development cycle. This section focuses on two general functions of software
acquisition management: (1) specifying requirements and (2) monitoring development
to ensure satisfiying the requirements. To describe all that this manager does during
the software life cycle is beyond the scope of this guidebook.

Specification of software requirements begins with development of the system
specification and continues until all requirements for each CSCI have been specified
during software requirements analysis in the software development cycle. These

requirements include more than traditional functional and performance requirements.

They also include interface, human engineering, language, data base, delivery,
self-test, anomaly management, resource reserves, and quality requirements. Many .
decisions are made to specify these requirements.

. o

P R

The software acquisition manager becomes involved at the system level, when system

functional tasks are allocated to software or to hardware. Allocation decisions may be

based on trade studies, system engineering, and risk analyses. Once the allccation of

g

et

functional tasks is completed, specific software requirements can be identified. The
result is a set of software capabilities, performance levels, and design constraints.
Identification of these specific requirements usually involves decisions supported by
trade studies. Such trade studies may include, for example, higher order language
(HOL) versus assembly language, distributed processing versus centralized processing,
growth capability required for timing and sizing, the degree of human operator

interaction required, and efficiency versus maintainability. These software trade

% AR
L IR

P

(@Y

studies consider life-cycle costs, risk, scheduie, capabiiities, soitware per.ormance, e
3 and final product quality. These activities are concluded when the System Program
[ Office (SPO) authenticates (signs off) the software requirements specifications for
.
A each CSCL
': Once software requirements are specified, the acquistion manager begins monitoring
b software development. Monitoring continues throughout preliminary design, detailed
design, coding and unit testing, CSC integration and testing, and CSCI-level testing
E and may continue into the system integration and testing that follows. The primary
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concern of monitoring, other than scnedule or cost, is whether the software satisfies

the requirements. Monitoring provides the acquisition manager with visibility of the
evolving product in order to track technical progress and quality. This visibility is
achieved through 'various reviews, audits, documentation, and products required
periodically throughout development. Established criteria and measurement methods
for each review and audit and for all documentation and products are nescessary for
tracking progress. Tracking enables the manager to identify problems early enough to
correct them. Two activities providing feedback are V&V and QA.

2.1.5 Verification and Validation

The purpose of V&V is to provide the Air Force with systematic assurance that
acquired software will perform missions in accordance with requirements. The terms
verification and validation are often used interchangeably, but in the software
development cycle distinct concepts are associated with each. The meaning of these

terms as used here is as follows:

Verification is the iterative process of determining whether the product of each
software development phase fulfills requirements Jevied by the previous phase. That
is, (1) software requirements are verified to ensure that they ifulfill system-level
requirements, (2) the software design is verified to ensure that it satisfies
requirements in the software requirements specification, and (3) code is verified to
ensure that it complies with the top-level design and detailed design documents. This
process does not consider whether system-level software requirements are correct or

whether they actually satisfy users needs.

Vaiidation is a continuing process to ensure that requirements at various levels are
correct, thus satisfying mission requirements defined by the using command.
Sometimes validation is considered to be the system-level test activity that validates
the CSCI against software and system requirements. In reality, it is much more than
that. Validation, like verification, continues throughout the software life cycle. For

. example, when software requirements are allocated and derived, a system-level

1

o requirement could be found to be vague or incorrect; or during design, it could be
:‘,:;::i: discovered that a software requirement is infeasible or ambiguous. Feedback to the
b
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manager enables corrective action to be taken early in development, thereby reducing
risk and cost. ;

The concept of V&V and its relationship to software development products 1s shown in
Figure 2.1-4. V&V provides feedback to the software acquisition manager concerning
software technical performance. The term IV&YV is used when V&V is done for the Air

Force by a contractor other than either the prime contractor or the subcontractor who

is developing the software.
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2.1.6 Quality Assurance

According to MIL-5-52779A, the purpose of software QA is to ensure that the
software delivered under a contract complies with contract requirements. This type
of QA program will not ensure development of a high-quality software product unless
software quality attributes are specified in measurable terms as part of the contract. i
The objective of current QA programs is to provide feedback to the acquisition
manager concerning various aspects of the development process. QA is similar to
V&V, the major difference being that Y&V provides technical feedback on software
products at only a few points in time, whereas QA provides feedback on a wide range

of development activities. But contractual software quality is not normally defined in

‘e TWEERT . 7,0 *

quantitative terms. The current goal is simply to achieve better quality through

controlling the development processes.

Section 2.3 explores how QM technology can help to expand the scope of QA programs

=t WY, . . .

to include specification of scftware quality requirements and measurement of
achieved quality levels for software development products. The following paragraphs
explain the current scope of QA programs. ;

=

At one time, software QA was equated to testing. As an illustration, Section 4 of the
CPCI development specification (according to MIL-STD-483) was called Quality .
Assurance Provisiors. However, as with other products, it was learned that quality .
cannot be tested into software. Because of cost and schedule impacts, it is usually

too late to make changes when quality problems are found during testing. Quality can .

.
P

be affected by how code is written and how software is designed. If a software quality

problem is found during testing, it is usually very expensive to redesign and to change
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the code. Quality should be planned, designed, and built into software. This
realization has lead to the current life-cycle-oriented QA approach. This approach
focuses attention on all phases of the software development cycle; and software QA
now includes many activities, such as ensuring that software is being developed in
accordance with plans, that requirements are traceable, that design and code are
easily and economically supportable, and that testing is accomplished as planned.

These activities provide necessary feedback to the software acquisition manager.

Software quality assurance programs, however, are primarily administrative rather
than technical. For example, the QA organization does not trace requirements but
ensures that Engineering has developed traceability matrices. The QA function is
essentially a checkoff function applied during the software development process; i.e.,
QA ensures that everything is done as planned. Software QA continues throughout the
software development cycle (see Fig. 2.1-5).

Software QA is an evelving discipline. Experience has provided insight into which
development practices tend to produce a higher quality software product, and the QA
program ensures that selected practices are used by checking the development
process. The next step to improving quality is to quantitatively specify quality
requirements and to measure and control the quality of the software product as it
evolves. Implementing QM technology in the Air Force acquisition process will
provide the added dimension of quantitative measures to addressing quality concerns
for software products.

2.2 QUALITY METRICS

The purpose of QM technology is to cnable the software acquisition manager to specify
a desired software quality level for each quality factor of importance to the
application and to quantitatively nieasure the achieved levels of quality at specific
points during development. These periodic measurements enable an assessment of
current status and a prediction of quality level for the final product. Som2 problems
with delivered software products have been that these products are (to varying
degrees) unreliable, incorrect, and/or unmaintainable. QM technology addresses these
and other quality-oriented problems by providing a means to specify quality
requirements, to quantitatively measure quality achieved during development, and to

predict a quality level for the final product.
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During the
Development Process) QA Function

[ . IS THE SOFTWARE FEEDBACK TO
SOFTWARE ACTIVITY OR PRODUCT IN ACQUISITION
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Figure 2.1-5 Software QA Function
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QM technolpgy measures the degree of software quality, not the level of software
technical perfoi"mance; e.g., how easy is it to maintain the software, not how accurate
is the navigation algorithm. Howe er, the process of specifying and measuring quality
levels is analogous to the process of specifying and measuring technical performance.
Both procesées begin with similar activities: system needs are assessed, trades are
performed (involving resources and levels of performance or levels of quality), and
requirements are specified. Subsequent phases involve evaluzticns of how weli these

requirements are being satisfied.

Technical performance levels are traditionally evaluated by modeling in early
development stages and by testing in later development stages. Quality has
traditionally been evaluated by such methads as reviews, walkthroughs, and audits.
This type of quality evaluation ensures that, for example, designs are traceable to
requirements, configuration management is adequate, and standards and plans are
being followed. However, it does not address such quality issues as software
reliability, correctness, and maintainability. QM technology enables a quantitative
assessment of these types of quality factors at different stages of development,
thereby ensuring that specified quality levels are being satisfied in a manner similar to
performance evaluation by testing.

Figure 2.2-1 depicts the software life-cycle model used in QM technology. The
software model is shown in typical relationship to two system acquisition phases.
Eight development states are shown with typical review and audit points. There are
two system-level activities involving software: system/software requirements analysis
and system integration and testing (both shown in dashed boxes). (Operational testing
and evaluation is the last FSD phase but is not shown as it is normally not performed
by the development contractor.) There are six software development phases: so{tware
requirements analysis, preliminary design, detailed design, coding and unit testing,
CSC integration and testing, and CSCl-level testing. These phaces refer to the same
development activities as are described in Section 2.1. This division of activities was
chosen because at the end of each activity shown in Figure 2.2-1 a configuration
baseline generally is established, and software products (specifications, documents,
code) describing that baseline are available for review or audit and the application of
metric measu-ements. Also illustrated in Figure 2.2-1 are the two points at which
quality requirements are specified and the eight points at which quality levels are
measured (monitored). These measurement points generally corraspond to the review

or audit points for configuration baselines.
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2.2.1 Framework DL
<
A hierarchical model for quality has been established (see Fiy. 2.2-2). User-oriented ;
factors (e.g., reliability, correctness, raintainability) are at the tcp level, u
software-otiented criteria are at the next leve!, and metrics—quantitative measures N
of characteristics—are at the lowest level. .
This model is flexible in that it indicates a general relationship between each factor "
and its attributes. This permits updating of individual elements to reflect technology
advances without affecting the model itself. For example, as new user concerns
evolve, new factors can be added at the top level; and as software technology evolves, -
criteria and metrics can be added, deleted, or modified as necessary. There are :‘
currently 13 quality factors, 29 criteria, 73 metrics, and more than 300 metric :::
elements (distinct parts of a metric). Table 2.2-1 shows the 13 quality factors and
describes the primary user concern for choosing each factor. Quality factors and user ?'q
concerns are categorized by three types of acquisition concerns with respect to the “‘
software: (1) product performance—how well does the software function in its normal
environment; (2) product design—how valid (appropriate) is the design with respect to K
requirements, verification, and maintenance; and (3) product adaptation—how easy is ...
it to adapt the software for use beyond its original intended use (e.g., for new "!
requirements, a new application, or a different environment). :
Figures 2.2-3, 2.2-4, and 2.2-5 show the quality factors, criteria, and metrics in the ”I
hierarchical relationships of the software quality model. The metrics are identified by <
acronym only in the figures. These and other framework elements for QM technology
are described in detail in Section 3.0. The following sections describe some aspects
involved in specifying and mionituring sofiware quality using QM technoiogy. r.""
=
2.2.2 Quality Specification
3
When determining and specifying software quality requirements, system needs are -—i
assessed from a quality perspective; the desired quality factors, associated criteria, iy
and applicable metrics are selected; and quality-level goals are derived for each .
separate quality factor. When assessing system needs, application characteristics ..:
should be considered. For example, if the system will have a long life cycle, emphases »4'
2-15 '
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Table 2.2-1 Quality Concerns

ey s .
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Acquisition Concern User Concern Quality Factor
HOW WELL DOES IT UTILIZE A RESOURCE? EFFICIENCY
HOW SECURE IS IT? INTEGRITY
PERFORMANCE - |\ AT CONFIDENCE CAN BE PLACED IN RELIABILITY
HOW WELLDOES IT | Wia ol
FUNCTION? '
HOW WELL WILL IT PERFORM UNDER SURVIVABILITY
ADVERSE CONDITIONS?
HGW EASY 1S IT TO USE? USABILITY
HOW WELL DOES IT CONFORM TO THE CORRECTNESS
< 2
DESIGN - REQUIREMENTS?
HOWVALIDISTHE | 1\ EASY IS IT TO REPAIR? MAINTAINABILITY
DESIGN?
HOW EASY IS IT TO VERIFY ITS VERIFIABILITY
PERFORMANCE?
HOW EASY IS IT TO EXPAND OR UPGRADE EXPANDABILITY
ITS CAPABILITY OR PERFORMANCE? _
?
ADAPTATION. | HOW EASY ISIT TO CHANGE? FLEXIBILITY
HOWADATTABLES | How EASY I5 IT TO INTERFACE WITH INTEROPERABILITY
' ANOTHER SYSTEM?
HOW EASY IS IT TO TRANSPORT? PORTABILITY
HOW EASY IS IT TO CONVERT FOR USE IN REUSABILITY
ANOTHER APPLICATION?
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on maintainability, flexibility, portability, and expandability are recommended. ’
Factor goals define the required quality levels to be achieved for the factor (i.e., .
excellent, good, or average). In general, choosing a higher quality goal will result in :i
more resources being expended to achieve that level. When deriving factor goals, x
interrelationships between factors should be considered because a high quality goal for \
one factor may conflict with a high quality goal for another factor. Table 2.2-2 shows -
the beneficial and adverse relationships between quality factors; some factors have a ,';
positive relationship and others conflict. For example, specifying a high quality level "
for most factors conflicts with specifying a high quality level for efficiency. )
A typical problem for an embedded software system arises when reliability is of the ;
utmost importance because of the type of mission to be performed, but efficiency is r
also required because of space and weight limitations, and flexibility is needed because ."’.
of the variety of mis.ions and/or targets. It is normally infeasible to select and
achieve high quality levels for ail three factors. Highly efficient code is usually :i
tightly written assembly-level code and tends to be not as reliable or as amenable to .
change; (flexible) as looser, more structured HOL code. And code written to be
reliable and flexible tends to be less efficient. Trade studies are needed to resolve
these problems. If some efficiency is sacrificed for reliability, then performance ;g
goals (e.g., for accuracy or range) may be affected. 1f some flexibility is sacrificed S
for efficiency, then the scope of the missions and/or targets may be reduced. QM x
technology provides an aid for decision making when selecting quality-level goals,
when deterrnining feasible software requirements, and for allocating acquisition ';
resources. Several iterations of quality tradeoffs may be required for choosing “:\
reasonable quality goals. Section 4.0 of the specification guidebook (Vol. II) provides §
specific techniques for choosing quality factors and includes consideration of .
application characteristics and factor interrelationships. &
2.2.3 Quality Monitoring ::j
When monitoring software ,uality, the quality metrics (in the form of questions on ';
worksheets) are applied to software products (specifications, documents, code) at -
different stages of the development cycle, and a quality-level score is calculated for
each factor. The factor score predicts a quality level for the final product. The
points in the development cycle where data gathering and analysis are recommended is ,_é
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shown in Figure 2.2-1. These points generally correspond to normal reviews and audits
conducted when a configuration baseline has been established (SDR, SSR, PDR, CDR,
TRR, and FCA/PCA). Before each review or audit, the metrics selected for the

s regew ® x 2 a

project are applied to software products resulting from that phase of development.
This results in a quant..ative value for each metric. The metric values are then used
to calculate scores for each criterion, and the criteria scores are used to calculate a
score (predicted quality level) for each factor.

The quality metrics are applied at incremental points during the development phases.

., e, xR v 4 4 ¥

This enables periodic review of progress i meeting quality goal requirements and aids

in pinpointing areas of weakness (and strength) in product quality as the product

EREA b LR

evolves. There are two types of metrics—anomaly detecting and predictive. Both are
used in scoring. A low score for predictive metrics indicates that a low score will
probably result for the end product because the design is not considering aspects

important to achieving the desired quality level. For example, if the design has very

* TWFYL * . .

little spare storage capacity, the end product will not be highly expandable. A low
score for anomaly-detecting metrics indicates an actual design or code deficiency.
For example, if provisions are not made for immediate indication of an access

violation, software integrity would be jeopardized. Evaluating low metric scores

remy C.T.

provides an opportunity for identifying deficiencies and anomalies during development

when they are more easily corrected.

Worksheets have been devised to help gather metric data. There is a separate

worksheet for each development phase, and each worksheet lists only metrics

L

applicable to that phase. A more detailed explanation of the worksheets is provided in

.‘-

Section 3.4. Data collection and analysis are addressed in Section 4.0.

vy

2.3 SOFTWARE ACQUISITION USING QUALITY METRICS E

Two general functions of the software acquisition manager are described in Section

2.1.4: (1) specifying requirements and (2) monitoring development to ensure that

N b0 B N

requirements are being satisfied. Also two general functions associated with QM
technology are described in Sections 2.2.2 and 2.2.3: (1) specifying quality
requirements and (2) monitoring development to ensure that metric scores are

predicting specified quality goa!s. When using QM technology, monitoring begins
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earlier u. the development cycle. The relationship of these functions to the software

life cycle is shown in Figure 2.3-1.

Specifying and monitoring have not usually overlapped. The specification of software
requirements was normally completed before development monitoring began, as shown
in Figure 2.3-1. Metric questions have been devised to enable evaluation of software
quality reflected in the system specification available at the system design review
(SDR). This moves the start of monitoring forward so that the two functions overlap.

Several organizations normally are involved in performing these two functions.
Although the internal structure of the Aii Force Product Divisions (ESD, ASD, and SD)
may differ, the relationship of the SPO to external organizations is basically the same
for each division. Organizations that may be involved in the QM functions and their

recommended relationships are shown in Figure 2.3-2. Organizational relationships are
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discussed in the following paragraphs. ‘[;
5
r‘.};
Several organizations should be involved in the specification function. The primary o
Y
organization responsible for software requirements specification is SPO Software f—
Engineering. However, SPO software engineers need help from both the using 3
command and Air Force Logistics Command (AFLC) to fully define software quality :'-j_
needs. Both organizations have a vested interest in requirements affecting system ::
operation and support. o
™3
The using command is primarily interested in operational requirements and is N
N
especially qualified to contribute to a definition of quality needs for the performance -
quality factors (e.g., efficiency, integrity, and reliability). AFLC is primarily :;::"
™
interested in support requirements and is especially qualified to contribute to a e
o
definition of quality needs for the design and adaptation quality factors (e.g., e
maintainability, expandability, and portability). With input from these organizations, %
. . . . 3
SPO Souftware Engineering can determine the contractual statement of quality e
requirements. In addition, the Product Division Software QA organization is normally ...;
tasked to ensure that quality requirements are included in the contract. These
responsibilities and relationships for the specification function are shown in Figure
>
2.3-3. 5
e
@
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Figure 2.3-2 Air Force Acquisition Relationships Involved in Quality Metrics Functions
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Recommended Responsibilities and Relationships for the QM Specification Function
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Table 2.3-1 Organizational Evaluation
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Several organizations also should be involved in the monitoring function. Among the
first activities are identifying and negotiating with the organization that will collect
and analyze metric data. If that organization is to be another Air Force agency, such
as Air Force Contracts Management Division (AFCMD), then the SPO needs to
negotiate the effort through a memorandum of agreement. If the organization is to be
an IV&V contractor, then the IV&V contract needs to be negotiated. These
negotiations must be completed very early in the progra:: t<fore data collection

starts, and SPO Software Engineering must ensure that neccssa. y support is provided.

Several organizations could collect and analyze data, including SPO Software
Engineering, the Product Division Software QA, the Air Force Plant Representative
Office (AFPRO), and an IV&V contractor. The following criteria were established to
aid in selecting an organization: technical capability, labor cvailability, economy, and
data availability. Technical capability refers to the depth of technical understanding
of software by pesple in the organization. Labor availability refers to availability of
qualified people to perform this additional task (i.e., currently available or readily
obtainable). Economy refers to the least costly method for the SPO to obtain data.
Data availability refers to the ability to access the most current contractor
documentation and information. Informal lines of communication greatly influence
this factor.

We rated four candidate organizations using these criteria, based on our experience. A
score of | represents the best conditions and a 3 represents the worst for each
criterion. A total unweighted score was determined for each organization, with the

lowest score representing the best choice. The evaluation scores are shown in Table
2.3-1.

Several assumptions were made for scoring. The first was that all criteria are
weighted equally; actually, however, technical capability and labor availability may be
overriding factors for selection. For technical capability, it was assumed that Product
Division Software QA groups are unlikely to be able to obtain pesople experienced in
both software engineering and QA to perform that job. For economy, it was assumed
that any Air Force person (civilian or military) is a free resource for the SPO.
Otherwise, the SPO must pay for IV&V contractor services. Data availability scores

include the assumption that the IV&V contractor works for SPO Software Engineering
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and that good communication channels are established. These assump ..ons may not be

valid in all situations.

The AFPRO received the lowest score and, therefore, was rated best. It is generally
recommended that the AFPRO perform data colleztion and analysis for the SPO.
When this cannot be negotiated, it is recommended that an IV&V contractor be
assigned this task. Although SPO Software Engineering and the IV&V contractor are
rated equally, the recommendation to use an IV&V contractor was made because of
better labor availability. It is recommended that a chart similar to the one shown in

Table 2.3-1 be developed early in a program.

A proposed DID, Software Quality Evaluation Report, is contained in Appendix C and
can be used to report data collection and anaiysis results to the software acquisition
manager. This feedback enables the manager to track progress, ensure that
requirements are being satisfied, and take corrective action when necessary.
Recommendations for responsible organizations and relationships for monitoring are
shown in Figure 2.3-4. We recommend that the Data and Analysis Center for Software
(DACS) at Rome be used as the data base for quality metrics information and that the
SPO provide a copy of the quality requirements and all metric data to DACS (e.g.,
ptovide a copy of the Software Quality Evaluation Report). This has the advantages of
providing one centralized location for all QM data and enabling access to all historical
data by any one product division. It also enables large-scale data analysis and
correlation to be performed on data from all product divisions. Any changes in QM
technology such as new factors, metrics, and worksheet formats should be

disseminated from a central point. This concept is illustrated in Figure 2.3-5.

The preceding paragraphs discuss government monitoring only, and the development
contractor was not mentioned. Because quality factor requirements are included as
contractual requirements, the deveiopment contractors must also monitor achieved
quality levels to show compliance. However, to ensure that data and reports received
by the SPO are unbiased, we recommend that the government independently monitor

achieved quality levels.
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Figure 2.3-5 Relationship between Product Divisions and DACS
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2.4

POTENTIAL BENEFITS AND PROBLEMS

This section discusses the potential benefits and problems associated with integrating
QM technology into the software acquisition management process and of using QM

technology during acquisition.
2.4,1 Benefits

Possible berefits of using QM technology include a higher quality end product, greater
emphasis on quality throughout the life cycle, better management control, and life-
cycle cost savings. A high-quality end product is possibie because required quality
levels are specified quantitatively. There is little room for misinterpretation or for
undesirable results such as a highly efficient but unreliable and unmaintainable
product. The acquisition manager is assured that the end product is of the required
degree of quality. Also, other software requirements are considered at the same time
that quality requirements are being specified.  This means that the quality
requirements should be reasonable and should not conflict with functional and
performance requirements (or vice versa), thereby increasing the likelihood that ali
software requirements can be satisfied within allocated resources. In addition,
achieved quality levels are monitored throughout development providing increased
visibility for control of quality. Periodic application of metrics provides the
acquisition manager with adequate feedback about software development progress and
enables early redirection if necessary. Finally, evaluating specific low metric scores
provides an additional mechanism for cetecting deficiencies and anomalies in
requirements, design, and code.

Life-cycle cost savings are possible for several reasons. Using metrics to detect
deficiencies and anomalies enables correction during development. Correction at this
time is less costly than during operation and maintenance. Also, it is possible to be
more precise about funding for quality. If adequate quality levels are achieved during
development, it is unnecessary to spend more effort in raising quality levels or in

developing a near-perfect product.

The greatest cost savings potential comes from having certain qualities actually built

into the software. For example, if system A has a high level of reusability built into
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the software, then cost savings result from building system B reusing a portion of
system A software. These potential cost savings are available for other quality
factors such as flexibility, portability, interoperability, and expandability. Details
for concidering cost are described in Section 4.0 of the specification guidebook (Vol.
1.

Other benefits can also be realized. For example, use of QM technology can provide
the acquisition manager an added assurance that the required degree of reliability is
achieved in the final product. This would be especially important in acquisitions

involving space applications or nuclear armaments.
2.4.2 Problems

There are potential technical and administrative problems when using quality metrics
in acquisitions; i.e., in integrating QM technology into the Air Force soitware
acquisition process. Problems could arise during one of the most important tasks, that
of maintaining a current QM technology baseline. Baseline changes could result from,
for example, changes in quality factor ratings, new factor rat:ngs being established,
new metrics being established, and metrics being validated for new application areas.
Changes could originate from any product division using QM technology. Using DACS
would minimize the risk of such problems as: multiple baselines in the Product
Divisions, duplication of validation efforts, and use of outdated information (e.g.,
outdated ratings).

A potential problem could arise where subjective judgment is required in scoring some
metrics. Two people gathering metric data from the same software products could
score the worksheets differently. This risk has been minimized by rewriting the
questions on the metric worksheets so that they are clear, simple, and understandable.
Also, metric element explanations have been included for clarification. As more
historical information becomes available, it will be possible to do a reasonableness
check on worksheet data entries, based on previous data ranges. However, we
recommend that experienced personnel perform data collection and that education and

training be provided for personnel involved with QM technology.
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Another potential problem might arise when attempting to automate portions of the
data gathering task through an automated measuring tool. This type of tool scans
source code and outputs statistics on the code (e.g., percentage of comments, number
of specific constructs). The scanner is language dependent and must be developed for

each language, but standardization on a language (e.g., Ada) will minimize cost.

Problems with organizational structures and manpower may be encountered when
implementing QM technology at the product divisions. Program offices do not have
QA divisions. QA in the program office is usually done by Engineering. In addition,
software QA organizations in the product divisions are relatively new. These
organizations are trying to define their role in the acquisition process and their
relationship to the program offices. Absence of a well-defined organizaticnal
structure for software QA could lead to disagreements over assigning QM
M

<

responsibilities.  Either organization could resist accepting responsibility for
functions because of staffing problems. Program offices are usually not fully staffed
with software engineers; to accept more responsibilities without additional personnel
would be difficult. Software QA organizations have small staffs and find it difficult to
hire qualified personnel. A person with experience in both software engineering and
QA is required, but few software engineers are interested in QA assignments. Staffing
problems should receive attention during implementation of QM technology in the Air

Force software acquisition process.
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3.0 QUALITY METRICS FRAMEWORK

This section describes elements of the scftware quality framework. Terminology and

concepts introduced in this section are used throughout subsequent sections.

The goals of quality metrics (QM) technology are to enable a software acquisition
manager to (1) specify the types and degrees of software qualities desired in the end
product and (2) predict end-product quality levels through measuring the degree of
those qualities present during development. The Rome Air Development Center
(RADC) quality program (see Sec. 1.1) has established a model for viewing software
quality. Figure 2.2-2 depicts this model, showing a hierarchical relationship between a

quality factor, criteria, and metrics. Criteria and metrics are factor attributes.

Quality factors (e.g., reliability, usability, correctness, and maintainability) are user-
oriented terms, each representing an aspect of software quality. Thirteen quality
factors are used to specify the types of qualities wanted in a particular software
product. Product environment and expected use affect emphasis. For example, if
human lives could be affected, integrity, reliability, correctness, verifiability, and
survivability would be emphasized. If the software is expected to have a long life

cycle, maintainability and expandability would be emphasized.

Criteria are software-oriented terms represerting software characteristics. For
example, opercbility and training are criteria for usability. The degree to which these
characteristics are present in the software is an indication of the degree of presence

of an aspect of quality (i.e., a quality fuctor).

Metrics are software-oriented details of a characteristic (a criterion) of the software.
Each metric is defined by a number of metric elements. The metric elements enable
quantification of the degree of presence of criteria and, hence, factors. "Are all the
errors specified which are to be reported to the operator/user?" is an example metric

element question for the criterion operability (see worksheet 0, OP.1(2), App. A).

Using the methodology described in Volume II, Section 4.0, the acquisition manager is

responsible for specifying needed quality factors by priority, with quality levels

3-1 . \

’ PRI I L LI, S

. N - - .. SRS R S k_.x. TR e
""'".J'“(’- t“'!.. .m ! . et . 'k.' . ~
R B AR IR . . |




Tsble 3.1-1

Software Quality Factor Definitions and Rating Formulas
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1
commensurate with cost consideraticr. Factor requirements are provided as part of \
the software requirements (along with operational, performance, and design
requirements). This enables the corresponding criteria and metrics to be identified ‘_
and used to measure the degree of presence of desired qualities at key review points ‘J
during development, allowing periodic predictions of the quality level for the final
product. Metric worksheets and scoresheets help in applying the metrics and in -
determining metric scores. __

4
3.1 SOFTWARE QUALITY FACTORS
Thirteen software quality factors are identified in Table 2.2-1, with the user concern _,_
that characterizes the need for each type of quality. Quality factors are shown 5’
grouped under one of three acquisition concerns: performance, design, or adaptation. .
An acquisition manager specifying requirements for software will likely do so i. a ~
DOD-STD-SDS format in four main areas: (1) software performance characteristics _
(performance), (2) software design and construction (design), (3) anticipated software U
expansion or reuse (adaptation), and (4) quality assurance (including quality metrics). l
The similarity of areas and acquisition concerns enables the acquisition manager to
easily idemify and select quality factor categories and specific factors of interest. N
Quality criteria are similarly categorized (see Sec. 3.2); thus, selecting criteria and L!
metrics is simplified. y

:
3.1.1 Factor Definitions and Rating Formulas -

.
Quality factor definitions and factor rating formulas are shown in Table 3.1-1. Rating “
formulas quantify user concerns for the final product. The formulas use three types of E;i
measuements: (1) number of errors per iines oi code (2) effort to perform an action F
and (3) utilization of resources. Ratings should fall in the range from zero to one. The L'
rating formula for reliability is one minus the number of errors per lines of code. For N
example, if one error per 1,000 lines of code occur during a given time period (e.g.,
during operational testing and evaluation) the rating formula shows a reliability level e
of 0.999 (1-1/1,000 = 0.999). <
During software development, metrics are applied to software products, and a metric
score is calculated for the appropriate faciors. This metric score is an estimation (or _
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prediction) of what the quality level will be for the final product. Figure 3.1-1
indicates the timeftames during which rating values are estimated through metric
scores (closed box) and thé timeframes during which rating vaiues can be assessed by
using actual data and the rating formula (dotted box). For example, the rating value
for reliability is estimated by using metric scores during software development.
During operational testing and evaluation and during production and deployment,
actual data on number of errors per lines of code become avail.ble to assess the rating
and evaliuate predictions made during development. Exact correlations between
metric scores and rating values have not been established. Research has only shown
that higher metric scores during development result in higher quality end products.
Table 3.1-2 shows a range of values for each rating formula that might occur when
using actual data (e.g., during production and deployment) to assess rating values. The

values shown are hypothetical.

The following paragraphs describe the factors and rating formulas in each acquisition

concern category.

Performance. Performance quality factory deal both with the ability of the software
to function and with error occuriences that affect software functioning. Low quality
levels predict poor software performance. These quality factors are efficiency,
integrity, reliability, survivability, and usability.

Efficiercy deals with utilization of a resource. The rating formula for efficiency is in
terms of actual u‘ilization of a resource and budgeted allocation for utilization. For
example, if a unit is budgeted for 10% available memory and actually uses 7%, the

rating formula shows an efficiency leve! of 0.3 (1 - 0.07/0.10 = 0.3).

Integrity dea!c with software security failures due to unauthorized access. The rating
formula for iniegrity is in terms of number of integrity-related software errors
occuring during a given time (e.g., during operational testing and evaluation) and total
number of executable lines of source code. This formula is similar to the formula for
reliability; the diffzrence is that reliability is concerned with all software errors, and
integrity is concerned only with the subset of errors that affect integrity. For
example, if three integrity-related errors per 10,000 lines of code occurred during
operational testing and evaluation, the tating formula shows an integrity level of
0.9997 (1 - 1/10,000 = 0.9997).
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Table 3.1-2 Quality Factor Ratings

Quality factor Rating formula Rating information
Efficiency 1. _Actual utihization Value 01 03 05
Allocated utilization % utilization 90% 70% 50%
integrity 1. Errors Value 0.9995 09997 | 09999
Lines of code Errors/LOC 5/10.000 | 3/10,000 | 1/10 000
Reliability 1- Errors Value 0995 0997 0999
Lines of code Errors/LOC 571,000 | 3/1.000 | 1/1000
Survivability 1. Errors Value 09995 | 09997 | 09999
Lines of code Errors/LOC 5/10 000 { 3710 60O | 1/10 000
Usability 1. Labor-days to use Value 05 07 09
Labor-years to develop Dayslyears SN0 6/20 10100
Correctness 1. Errors Value 09995 09997 09999
Lines of code Errors/tOC $/10 000 | 3/10,000 ] 1/10 000
Maintainabiity - 01 (averagelabo- Value 08 09 0.95
days to fix Average lapor-days 20 10 05
Verifiability 1- Effort to venfy Value 04 0° 06
Effort to develop % effort 60% 50% 40%
Expandability . Effort to exoand Value 08 09 095
Effortto develop % effort 20% 10% 5%
Flextbihity 1- 0.05(averagelabor- Value 0OR 09 049s_
days to change) Average labor-days 40 20 10
Value
Interoperability 1.  Efforttocouole - 0s 095 099
Effort to develop % effort 10 5 1
Value
Portability i Effort to transport - 09 095 099
Effort to develop % effort 10 5 1
Effort to convert Value 04 06 08
Reusability 1- —_— -
Effort to develop % etiort 60 40 20
3-6

TSR . “*e LRI U N . LI R T T A,
- - o ! - ARSI R N A - P T S A oot B R .
-t A e A 4 LR A B R .
- -

.
PRI 8 PRI N -

- . L . - - AR ) . WA
SRV S A ,,..,..\,9-\,..4 TV A R anTY s C R L R I A L -

Yo
>

.
Ll w .
W T

- [ A U AR
P I N I S A T LT



T TYEAT
AT L

f e s

bl o i 4 LG B ame s la e S 2% 2k Sy

MM LS P e A e Shat SN S SOOI P SR S SIS O SR

T TR
.

..............

Reliability concerns any software failure. The rating formula for reliability is in
terms of total number of software errors occurring during a specified time and total
number of executable lines of source code. For example, if three errors per 1,000
lines of code occurred during operational testing and evaluation, the rating formula
shows a reliability level of 0.997 (1 - 3/1,000 = 0.997).

The concern with survivability is that software continue to perform (e.g., in a
degraded mode) even when a portion of the system has failed. The rating formula for
survivability is in terms of number of survivability-related errors (the subset of errors
that affect survivability) occurring during a specified time and total number of
executable lines of source code. This formula is similar to the formula for reliability.

Usability deals with relative effort involved in learning about and using software. The
rating formula for usability is in terms of average effort to use software (to train for
using it and to operate it) and original development eiffort. This formula considers size
of the software system in rating usability. It is recommended that effort to use be
expressed in labor-days and effort for original development be expressed in
labor-years to maintain a scoring range consistent with that of other factors. For
example, if 10 labor-day: were required for training on a system that required 100
labor-years to develop, the rating formula shows a wusability level of
0.9 (1 - 10/100 = 0.9); and if five labor-days were required for training on a system

that required 10 labor-years to develop, the rating formula shows a usability level of
0.5 (1 -5/10 = 0.5).

Design. Design quality factors deal mainly with software failure and correction. Low
quality levels usually result in repeating a portion of the development process {e.g.,
redesign, recode, reverify); hence the term design. The factors are correctness,
maintainability, and verifiability.

Correctness deals with the extent to which software design and implementation
conform to specifications and standards. Criteria of correctness (completeness,
consistency, and traceability) deal exclusively with design and dowumentation formats.
Under the three criteria there are no metrics dealing with content material affecting
scftware operation or performance. The rating formula for correctness is in terms of

number of specifications-related and standards-related errors that occur after formal
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release of the specifications and standards and total rumber of executable lines of

source code. This formula is also similar to the formula for reliability; the difference
is that correctness is concerned only with that subset of errors related to violations of
specified requirements and nonconformance to standards.

Maintainability is concerned with ease of effort in locating and fixing software

failures. The rating formula for maintainability is in terms of average number of
labor-days to locate and fix an error within a specified time (e.g., during production
and deployment). For example, if an average of 0.5 labor-days were required to locate
and fix errors during production and deployment, the rating formula shows a
maintainability level of 0.55 (i - (0.1 x 0.5) = 0.95).

Verifiability deals with software design characteristics affecting the effort to verify
software operation and performance. The rating formula for verifiability is in terms
of effort to verify software operation and performance and original development
effort. This formula is similar to the adaptation, effort-ratio formulas. For example,
if 40% of the development effort is spent reviewing and testing software, the rating
formula shows a verifiability level of 0.6 (1 - 0.40/1.00 = 0.6).

fidaptation. These quality factors deal mainly with using software beyond its original
requirements, such as extending or expanding capabilities and adapting for use in
another application or in a new environment. Low quality levels predict relatively
high costs for new software use. Quality factors are expandability, flexibility,
interoperability, portability, and reusability.

Expandability deals with relative effort in increasing software capabilities or
performance, The rating formula for expandability 1s in terms of effort to increasc
software capability and performance and original develop.i:..1 + ffort. For example, if
five labor-months were spent enhancing software perfut,7wnce for software that

orignally took 100 labor-months to develop, the rating formula shows an expandability
level of 0.95 (1 - 5/100 = 0.95).

Flexibility deals with ease of effort in changing software to accommodate changes in
requirements. The rating formula for flexibility is in terms of average effort to

change software to satisfy other (i.e., new or modified) requirements within a
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specified time. For example, if an average of one labor-day was required to modify
software functioning during operational testing and evaluation, the rating formula
shows a flexibility level of 0.95 (1 - (0.05 x 1) = 0.95).

Interoperability is concerned with relative effort in coupling software of one system to
software of one or more other systems. The rating formula for interoperability is in
terms of effort to couple and original development effort and is similar to the formula
for expandability.

Portability deals with reative effort involved in transporting software to another
environment (e.g., differer.t host processor, operating system, executive). The rating
formula for portability is .n terms of effort to transport software for use in another
environment and original development effort and is similar to the formula for
expandability.

Reusability is concerned with relative effort for converting a portion of software for
use 1n another application. The rating formula for reusability is in terms of effort to
convert software for use in another application and original development effort and is

similar to the formula for expandability.

If adaptation effort is greater than original development effort, the effort-ratio
formulas will yield a quality level value less than zero. In this case, the quality level
value is assigned to zero. (This situation is considered unlikely because it would

probably be less expensive to develop a new product than to adapt an existing one.)
3.1.2 Quality Factor Interrelationships

Relationships exist among quality factors; some relationships are synergistic and
others conflicting. Specifying requirements for more than one type of quality for a
product can possibly have either a beneficial or an adverse effect on cost to provide
the quality. Factor relationships and relative cost to provide are discussed in Section
4.0 of the specification guidebook (Vol. II).
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Table 3.2-1 Software Quality Factors and Criteria
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3.2 SOFTWARE QUALITY CRITERIA

Criteria are software-oriented terms representing software characteristics. Software
quality criteria can be grouped under the same three aquisition concerns as quality
factors: performance, design, and adaptation. Table 3.2-1 shows the relationship of
criteria to quality factors. Four categories for criteria are shown: performance,
design, adaptation, and general. Each criterion is an attribute of one or more quality
factors. The criteria in the first three categories are solely attributes of factors
within the same acquisition concern (i.e., performance, design, and adaptation).
Criteria in the fourth category are factor attributes within more than one acquisition

concern.

Criteria and factors within each category are listed alphabetically for easy
referencing. Alphabetizing by name or by acronym gives the same sequence. Criteria

definitions are listed in Table 3.2-2.
3.3 SOFTWARE QUALITY METRICS

Metrics are software-oriented details of a software characteristic (a criterion). Each
criterion consists of one or more metrics. Each metric is an attribute of only one
criterion. Table 3.3-1 lists the name and acronym of each criterion (in alphabetical
order) and the name and acronym of each metric that is an cttribute of that criterion.
Metric acronyms are acronym extensions of the parent criterion. For example, the
acronym for the criterion commonality is CL; the acronym for the three metric
attributes are CL.1, CL.2, and CL.3.

Each metric is defined by onc or more metric clements. Mctric clements are detailed
questions applied to software products; answers to them enable quantification of
metrics and of the parent criterion and factor. Metric elements are designated by
acronym only (no name) and are listed on the metric worksheets. Acronym designation
is an extension of the parent metric acronym. For example, the 14 metric element
acronyms for the metric CL.1 are CL.1 (!) through CL.1 (14).
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Table 3.2-2 Quality Criteria Definitions
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ACQ-
Uist-
TION
CON. | CRITERION ACRONYM OEFINITION
CERN-
ACCURACY AC | e Those characternistics of software which provide the required precision in
calculations and outputs
ANOMALY MANAGEMENT AM | ¢ Those charactenistics of software which provide for continuity of operations
unoer and recovery from non-nomenal conaitions
AUTONOMY AU | ¢ Those cnaractenstics of software which oetermine its non-depenorncy on
P interfaces and funcuions
E DISTRIBUTEDNESS Oi | ® Those cnaractenstics of software which detemnine the dearee to wnich software
tunctions are geograpnically or togecally separated within the system
R EFFECTIVENESS-COMM €C | @ Those charactenstics of the software wnich provide for minimum utilization of
F communications resources tn performing functions
0 EFFECTIVENESS-PRCLESSING EP | ® Those characteristics of the software wnich provige for mimimum utilization of
R processing resources 1n performing functions
EFFECTIVENESS STORAGE €S | ® Those characteristics of the software which provide for minimum utilization of
M storage resources
A OPERABILITY OP | ® Those characteristics of software which determine operations ang procedures
N concerned with operation of software and which provige yveful inputs and
- outputs which can be assimitated
ht RECONFIGURABILITY RE | @ Those characteristics of software which provide for continuity of system
E ?ofrauon when one Or more processors, storage units, or communication hnks
alg
SYSTEM ACCESSIBILITY $S | ® Those charactenistics of software which provide for contro. and audit of access to
the software and data
TRAINING TN | ® Those character.stics of software which prowide transition from current operauon
and provide imtial familiarization
D COMPLETENESS CP | ® Those charactenistics of software wnich provide fuil impiementatuon of the
£ functions required
CONSISTENCY CS | ® Thosecharactenistics of software which provide for uniform design and
S implementuion techniques and notation
[ TRACEABILITY TC | ® Those charactenstcs of software which provide a threan of onigin from the
G imotementation to the requirements with respect to the snecified gevelooment
N envelope and operationat environment
VISIBILITY VS | ® Those cnaractenstics of software wnich provide status monitoring of the
gevelopment and operation
APPLICATION INDEPENDENCE AP | @ Those cnaractenistics of software which detemrine its noncependency on
gatabase system microcode. computer architecture, ana algorithms
AUGMENTABILITY AT | @ Those characteristics of software which provide for expansion of capabitity for
functions and data
COMMONALITY CL | ® Thosecharacteristics of software which provide for the use of interface standards
A tor protocols, routines and data representations
o} DOCUMENT ACCESSIBILITY DO | e Those characteristics of software which provides for easy access to software and
setective use of its components
f; FUNCTIONAL OVERLAP FO | e Thosecharacteristics of software which provide common functions to both
systems
T FUNCTIONAL SCOP? FS | ® Those characteristics of software which provide commonality of functions among
applications
A GENERAULITY FE | ® Those characteristics of software which provide breadth to the functions
T performed with respect to the appiication
| INDEPENDENCE ID | ® Those characteristics of software which determine its non-dependency on
lo) software environment (computing system operaung system utiities, input.
N output routines, hbraries)
SYSTEM CLARITY ST | ® Those characteristics of software whab orovide for clear gescription of program
StruCtufe 1IN @ NON-COMPIca and understandabie manner
SYSTEM COMPATIBILITY SY | ® Those charactenistics of software whnich provide the haroware, software, and
communication compatibility of two systems
VIRTUALITY VR | ® Those characteristics of software which present a system that does not require
user knowledge of the onys ral, logical or topotocical characteristics
G MODULARITY MO [ e Those cnaracteristics of software wnich provide a structure of hignly conesive
£ <ormponents with optimum coupiing
SELF-DESCRIPTIVENESS SD | ® Those cnaracteristics of software which provide explanation of the
N impiementation of funcuions
£ SIMPLICITY SI | & Thosa characteristics of software which prowide for definition and
R implementation of functions in the most noncomplex and understandable
A manner
L
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Table 3.3-1 Quality Metrics Summary .
CRITERION METRIC s
NAME ACRONYM NAME ACRONYM K )
L@
2
ACCURACY AC ACCURACY CHECKLIST AC.A
ANOMALY AM ERROR TOLERANCE/CONTROL AM.Y
MANAGEMENT IMPROPER INPUT DATA AM.2 .
COMPUTATIONAL FAILURES AM.3 N
HARDWARE FAULTS AM 4
DEVICE ERRORS AM S =
COMMUNICATIONS ERRORS AM 6 e
NODE:COMMUNICATION FAILURES am.? e
APPLICATION AP DATA BASE MANAGEMENT IMPLEMENTATION AP 1 .:-\
INDEPENDENCE INDEPENDENCE ol
| DATA STRUCTURE ap2 St
ARCHITECTURE STANDARDIZATION AP 3
MICROCODE INDEPENDENCE ap 4 -
FUNCTIONAL INDEPENDENCE APS
AUGMENTABILITY AT DATA STORAGE EXPANSION AT "’.’
COMPUTATION EXTENSIBILITY AT2 i
CHANNEL EXTENSIBILITY AT3 vl
DESIGN EXTENSIBILITY AT e
auTonOMY AU INTERFACE COMPLEXITY AU o
SELF-SUFFICIENCY AU.2 o
COMMONAULITY a COMMUNICATIONS COMMONALITY QL o
DATA COMMONALITY CL.2 u
COMMON VOCABULARY CL3 F.
COMPLETENESS cp COMPLETENESS CHECKLIST X o7
CONSISTENCY s PROCEDURE CONSISTENCY cs
DATA CONSISTENCY cs2 o
DISTRIBUTEDNESS DI DESIGN STRUCTURE D1 T
DOCUMENT 0%} ACCESS TO DOCUMENTATION PO 1 .
ACCESSIBILITY WELL-STRUCTURED DOCUMENTATION 002 Py
-
TFFECTIVENESS- EC COMMUNICATION EFFECTIVENESS MEASURE £CH ey
COMMUNICATION
b‘ N
EFFECTIVENESS- £p PROCESSING EFFECTIVENESS MEASURE e )
PROCESSING DATAUSAGE EFFECTIVENESS MEASURE EP2 My
)
EFFECTIVENESS-STORAGE £s STORAGE EFFECTIVENESS MEASURE Es.1
FUNCTIONAL OVERLAP FO FUNCTIONAL OVERLAP CHECKLIST £0.1 oo
FUNCTIONAL SCOPE 23 FUNCTION SPECIFICITY FS.A o
FUNCTICN COMMONALITY FS.2 oy
FUNCTION SELECTIVE USABILITY FS.3 "3
GENERALITY GE UNIT REFERENCING GE.1
UNIT IMPLEMENTATION GE.2 A
INDEFENDENCE iD SOFTWARE INDEPENDENCE FROMSYSTEM 101 0y
MACHINE INDEPENDENCE 1D 2 %“
MODULARITY MO MODULAR IMPLEMENTATION MO v
MODULAR DESIGN MO 2
OPERABILITY or OPERABILITY CHECKLIST opP1
USER INPUT COMMUNICATIVENESS opP2 <0
USER OUTPUT COMMUNICATIVENESS opP3 ~.
RECONFIGURABILITY RE RESTRUCTURE CHECKLIST RE.} <
SELF-DESCRIPTIVENESS sD QUANTITY OF COMMENTS D1 @
EFFECTIVENESS OF COMMENTS SD2
DESCRIPTIVENESS OF LANGUAGE S0 3
SIMPLICITY i DESIGN STRUCTURE SI 1 oL
STRUCTURED LANGUAGE OR PREPROCESSOR SI2 .
DATA AND CONTROL FLOW COMPLEXITY $i3 s
CODING SIMPLICITY s14 o
SPECIFICITY SIS v
HALSTEAD'S LEVEL OF DIFFICULTY MEASURE SI6 -
’x_!
:
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Table 3.3-1 Quality Metrics Summary (contizued)

CRITERION METRIC
NAME ACRONYM | Name ACRONYM

SYSTEM ACCESSIBILTY $s ACCESS CONTROL 55.1

ACCESS AUDIT §52

SYSTEM CLARITY ST INTERFACE COMPLEXITY ST

PROGRAM FLOW COMPLEXITY ST2

APPLICATION FUNCTIONAL COMPLEXITY 573

COMMUNICATION COMPLEXITY sTa

STRUCTURE CLARITY STS

SYSTEM COMPATIBILITY sy COMMUNICATION COMPATIBILITY Y1

DATA COMPATIBILITY sY2

HARDWARE COMPATIBILITY sY3

SOFTWARE COMPATIBILITY sy a

DOCUMENTATION FOR OTHERSYSTEM sYs

TRACEABILITY T CROSS REFERENCE e

TRAINING ™ TRAINING CHECKLIST N1

VIRTUALITY VR SYSTEM/DATAINDEPENDENCE VR 1

vISIBILITY vs UNIT TESTING Y

INTEGRATION TESTING vs.2

CSCI TESTING vs3

. @
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3.4 METRIC WORKSHEETS

Metric worksheets are contained in Appendix A. The worksheets contain metric
elements as questions. Software products (specifications, documents, and source
listings) are used as source inforrnation to answer questions on worksheets; answers are
ther. translated into metric element scores (yes = 1, no = 0, and a formula answer
results in a score from 0 to 1). This enables scoring of the parent metric, criterion,

and factor and results in a quality level indication for the product.

Seven different worksheets are applied in different development phases. Table 3.4-1
indicates the timeframe during an acquisition life-cycle phase when a worksheet is
used, shows the software level of abstraction at which the worksheet is applied, and

lists key terminology used within the worksheet.

Worksheet 0 is applied to products of system/software requirements analysis. The
worksheet is applied at the system level. (For large systems, software may not be a
discernible component in the design with separate requirements at the system level.

In this case, worksheet 0 is applied at the system segment level.)

Worksheet 1 is applied to products of software requirements analysis. A separate

worksheet is used for each CSCI.

Worksheet 2 is applied to products of preliminary design. A separate worksheet is
used for each CSCI.

Worksheets 3A and 3B are applied to products of detailed design. P separate
worksheet 3A is used for each CSCIL. A separate worksheet 3B is used for each unit of
a CSCl. Worksheets 3A and 3B are applied together; answers on 3B worksheets for
CSCI units are used in scoring the 3A worksheet for that CSCI.

Worksheets 4A and 4B are applied to products of code and unit testing. Worksheets 4A
and 4B are amnlied in the same manner as 3A and 3B. A separate worksheet 4A is used

for each CSCI, and a separate worksheet 4B is used for each CSCI unit.
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Table 3.4-1 Metric Worksheet/Life-Cycle Corrclation

Lfe-Cycte
Phase/ Demonstration
Acuvity & validauon Full-Scale Development (FSD)
System/ Sotiware
Softwate Requirements | Preliminary | Oetailed Coding & (=19 CSCl- Level System
Application Level/ Requirements Analyns Design Design Unit Tesung | Integration & Tesung | Integeaiion &
Terminology Analysts Tesung Testing
Syem 1o System ‘ ,.._......._....._....._..._.._..._._;
® System Metric !
funcuion Wotksheet ! 1
® CSCQl 0 1 1
| !
] 1
* CSC Metric ] ]
csct |e Softwarz Worksheet 1 1
funcion 1 1 t
I {Selected metric questions are ]
[ sd} 1 teapplied durtng the integration i
C5Ct | Top-level CSC WN:;‘;:‘ . 1 andtesting phases asindicatedinthe |
orighee 1 quality attnbute correlauon tablein |
1 AppendixA) I
. sl | |
® Top-level CSC Mevic Metnc
csct e towerlevel Workshret  Worksheet | |
cse 3A 4A 1 I
® Unit ] 1
| I
UNIT |e® Unit Metric Metric | I
Worksheet  Worksheet | |
38 48 1 |
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For the remainder of the development cycle, selected metric questions are reapplied

as indicated in the quality attribute correlation table in Appendix A.

Metric worksheets are designed to be applied at specific levels (e.g., CSCI, unit).
Worksheets can be applied at other levels; however, some questions may not be
applicable. Fcr example, if worksheet 1 were applied to a CSCI function, question

CP.1(6) should be deleted or reworded because it only applies at the CSCI level.

Metric worksheets are designed to be applied to software development products
identified in DOD-S1D-SDS. The minimum product set is listed by software
development phase in Table 3.4-2, Each product is identified by title and by DID
number. Information from the entire set of products for a particular phase is needed
as source material to answer metric questions on the worksheet applicable to that
phase. It is not necessary to specify the complete product set for each acquisition,
only to have equivalent information available to answer worksheet questions. For
example, when acquiring a small system, information regarding the QA plan and

software standards may be included as part of the -oftware development plan.
3.5 FACTOR SCORESHEETS

Factor scoresheets are contained in Appendix B. There are 13 factor scoresheets, one
for each software quality factor. Scoresheets are used for translating information at
the metric element level on the worksheets into a quality level score for a quality
factor. Each scoresheet has blanks for the factor and for all attributes of that factor
(i.e., criteria, metrics, and metric elements). Worksheet information is transferred to
the scoresheets at the metric element level. "Yes" answers are scored as I; "no"
answers are scored as 0; and numeric answers resulting from formulas are transferred
directly to scoresheets (scoring range from 0 to 1). Scores are then calculated for the

parent metrics, criteria, and factor according to the hierarchical (attribute)

relationship indicated on the scoresheet.
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Table 3.4-2 Software Development Products

Phase/Product Title Applicable DID
System/Software Requirements Analysis
System/Segment Specificaion DI-5-X101
Software Development Plan DI-A-X103
Preliminary Software Requirements Specification D1-E-X107
Operational Con¢ept Document OI-M-X125
Software Quality Assurance Plan DI-R-X105
Software Problem/Change Report DI-E-X 106
Software Standards and Procedures Manual DI-M-X 169
Preliminary Interface Requirements Specification DI-E-X 108

Software Requirements Analysis
Software Requirements Specification DI-E-X107

Interface Requirements Specification DI-E-X108

Preliminary Design

Software Top-Level Design Document DI-E-X110
Software Test Plan DI-T-X116
Preliminary Software User’s Manual DI-M-X121
Preliminary Computer System Operator’s Manual DI-M-X120

Detailed Design

Software Detailed Design Document DI-E-X111
Software Test Description DI-T-X117
Data Base Design Document DI-E-X113
Interface Design Document DI-E-X112

Coding and Unit Testing

Source Code/Listings (Appendix)
Preliminary Software Test Procedure DI-T-X118

CSC Integration and Testing
Software Test Procedure DI-T-X118

CSCl-Level Testing

Software Product Specification DI-E-X114
Software Test Report(s) DI-T-X119
Software User’s Manual DI-M-X121%
Computer System Operator's Manual DI-M-X120

System Integration and Testing

Software Product Specification DI-E-X114
Software Test Report(s) DI-T-X119
Software User's Manual DI-M-X121
Computer 3ystem Operator's Manual DI-M-X120
3-18
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4.0 SOFTWARE QUALITY EVALUATION METHODO! OGY

This section describes a methodology for evaluating achieved software quality for
products of the development process. The methodology includes procedures for

determining quality level scores and interpreting scoring results.

Methodology Overview. Evaluating software quality is part of a larger process for
using quality metrics in software acquisition management. Figure 4.0-1 shows this
process in two major parts: software quality specification, including assessment of
compliance with requirements, and software quality evaluation (measurement of
achieved quality levels). This document, the Software Quality Evaluation Guidebook,
provides guidance for evaluation. The Software Quality Specification Guidebook
provides guidance for specification.

In Section 2.0, two quality metrics functions—specification and monitoring—were
described. Specification includes identifying and detailing quality requirements and
monitoring inclides gathering and reducing data, comparing results with requirements,
and taking corrective action if necessary. Section 4.0 groups these functional
activities into two slightly different categories—specification and evaluation—to
enable separating the guidebooks for personnel who will be performing different
functions. Software quality specification, as shown in Figure #.0-1, includes
identifying and specifying requirements and assessing compliance with these require-
ments since these are the responsibility of System Program Office (SPO) personnel.
Results of compliance assessment are used to initiate corrective action. Software
quality evaluation includes only data collection and analysis and generation of tne
Softwate Quality Evaluation Report since these are he responsibility of the develop-
ment contractor or an independent verification and valiaction (IV&V) contractor (or an

Air Force organization, as is discussed in Sec. 2.3).

The process begins early in the system life cycle—usually during system demonstration
and validation. We 2ssume that a description of the nature of the system and system
needs or requirements exists. This description could be a statement of work or a draft
system specification and is the primary basis for identifying software quality factor

requirements. A series of procedural steps is perforined to determine specific
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Figure 4.0-1 Software Quality Specification and Evaluation Process
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software quality needs and to specify quality requirements. Steps include polling -r.
groups such as the Air Force using command and the Air Force Logistics Command o
(AFLC) in order to provide a comprehensive set of operational and support quality =
requirements from a quality factor point of view. These steps could be performed by L.
the SPO or the development contractor or through awarding a separate contract.
Software quality requirements are entered into the system requirements specification .--
and are treated as contractual obligations (just the same as technical requirements). *.
As the system contractor proceeds with development, quality requirements from the
system requirements specification are allocated to lower level specifications and
finally assigned to units within the software detailed design document in a manner Z
similar to that for other requirements. This requirements flow is shown in Figure .
4.0-2. Each time during the cycle that development products are released {usually at
major review points such as system design review (SDR), software specification review .
(SSR), preliminary design review (PDR), and critical design review (CDR)), quality ,r.
metrics, in the form of metric worksheets, are applied to the products. Raw data are %%
then used to calcuiate scores indicating quality level achieved for each quality factor, ::._
and these scores are compared to specified requirements. \
Application of metrics and scoring of achieved product quality levels are performed by ”'
the development contractor to show compliance with quality requirements. It is
anticipated that product evaluation will also be performed in parallel by another group
such as an IV&V team, the AFPRO, SPO Software Engineering, or Product Division ..-
Software Quality Assurance, as is discussed in Section 2.3, Data collection and é""
analysis results are documentad in a Software Quality Evaluation Report (see App. C).
._ This report is reviewed separately at major review points. The report is included in .,
% the review package reieased before the review date. The SPO uses these results to h_
5} assess compliance with quality requirements and (1) approves or disapproves of "‘j‘
i compliance variations at the review and/or (2) respecifies quality requirements and ‘
t‘ ensures that changes are refiected in the system requirements specification. :Ej
:’ Use of the Methodolegy and Guidebooks. The methodology and guidebooks were 2
designed primarily for use on projects during which quality requirements are specified
&. early in the life cycle and achieved quality levels are evaluated periodically during
f. development as was depicted in Figure l.4-1. The inethodology and guidebooks can -
4-3 3
A
' C
L s et I R I I e
T A e AT A A R K e R e LR SR Eh




A EAES AN et BRI CST S B S d A i R T

SRR SOR SSR PDR CDR EQUIVALENT
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(MIL-5TD-490)

SOFTWARE SYSTEM | A
QUALTY REQUIREMENTS
REQUIREMENTS SPECIFICATION ALLOCATION OF QUALITY
REQUIREMENTS TO SYSTEM
SEGMENTS
8-1
* SYSTEM
—— SEGMENT
| SPECIFICATICN ALLOCATION OF QUALITY REQUIREMENTS
| TO SOFTWARE AND HARDWARE CI's
| Y
pemmmeteeenaaaas B-S
1 HARDWARE H SOFTWARE
| REQUIREMENTS | REQUIREMENTS
! SPECIFICATION __} SPECIFICATION ALLOCATION OF QUALITY
' e REQUIREMENTS 70
Akl y SOFTWARE COMPONENTS (WITHIN CSCI'S)
SOFTWARE TOP- s
LEVEL DESIGN
DOCUMENT ASSIGNMENT OF
QUALITY
REQUIREMENTS TO
SRR = SYSTEM REQUIREMENTS REVIEW Y UNITS s

SDR= SYSTEM DESIGN REVIEW
SSR = SOFTWARE SPECIFICATION REVIEW
PDR= PRELIMINARY DESIGN REVIEW
COR= CRITICAL DESIGN REVIEW
* = SEPARATE SPECIFICATION NOT ALWAYS USED

SOFTWARE
DETAILED DESIGN
DOCUMENT

Figure 4.0-2 Flow of Software Quality Requirements
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also be used outside the life-cycle context to evaluate particular products such as a
specification, design document, source code, or proposal. The purpose might be to
evaluate reliability or maintainability of an operational product to determine if it is
suitable for an application, to evaluate and compare quality levels of two products for
purchasing, or. to determine reusability of an operational product as an aid in
determining adaptation costs for a new application. The purpose might also be to
evaluate quality aspects of new-business proposals or system specifications to help
determine a competitive contract award.

The methodology is similar regardless of context. Select important factors, criteria,
and metrics. Select appropriate wurksheets. Collect data and analyze results. Factor
selection should be simplified for applications outside the life-cycle context because it
is unlikely that factor cost trades would be performed; however, it is very important
that factor interrelationships still be considered to avoid misinterpreting factor scores
(explanation in Sec. #.1.3 of the specification guidebock, Vol. II). Criteria and metrics
selections follow factor selection and should consider environmental and application
particulars.

Selecting appropriate worksheets requires care to ensure desire | results. In using the
methodology for a new project with distinct development phases and reviews, a set of
products is available at each review point. The metric worksheets are designed to be
applied to these products. The products assumed to exist at the end of each software
development phase are identified by title and data item description (DID) number in
Table 3.4-2. To use the worksheets outside this life-cycle context, the product being
evaluated should be matched as closely as possible to products identified in Table
3.4-2, and then the corresponding worksheets can be selected. For example, the
technical portion of a proposal might correspond closest Lo o systemn and/or system
segment specification or to a software requirements specification. Worksheet 0
and/or 1 would be chosen and appropriate questions selected. When the source code is
available for an operational product, worksheets 4#A and 4B would be used. If the
detailed design documentation were available, worksheets 3A and 3B would also be

used. Data collection and analysis results can be reported using the Software Quality

Evaluation Report (see App. C).
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Figure 4.0-3 Metric Data Collection, Analysis, and Reporting
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Evaluation Procedural Overview. Achieved quality levels should be evaluated near the

end of each development phase for the product sets listed in Table 3.4-2. Achieved
quality levels can be reevaluated each time a new version of a document in the
product set is released. Reevaluation can be performed by repeating all evaluation
procedures or by repeating selected procedures and updating prior results.

The generai flow of information for evaluating achieved quality levels is depicted in
Figure 4.0-3. Development products are used as source material for answering
questions on metric worksheets. Answers on worksheets are used to score metric
elements on factor scoreshee:!s, and scores are calculated for the parent metrics,
criteria, and factor according to the hierarchical relationship indicated on the
scoresheet. Scoring results are compared to requirements and variations analyzed.

All results are documented in a Software Quality Evaluation Report and submitted to
the SPO.

Appendix A contains metric worksheets. Appendix B contains factor scoresheets.
Worksheets and scoresheets are in a general format and require tailoring for each
project development phase. Appendix C contains the proposed data item description
(DID) for reporting the results of evaluation. Specific content will vary for each

project and for each development phase.

Workshieets are applied at different levels as indicated in Table 3.4-1. Worksheet 0 is
applied at the system or system segment level. Worksheets 1, 2, 3A, and 4A are
applied at the CSCI level. Worksheets 3B and 4B are applied at the unit level.
Answers from unit-level worksheets (3B and 4B) are only used for answering questions
on corresponding CSCI-level worksheets (3A and 4A) and are not used in conjunction
with scoresheets. Only system-level and CSCl-level worksheet answers are used to

score metric elements on factor scoresheets as indicated in Figure 4.0-4.

Software quality evaluation is divided into two separate processes (as is shown in Fig.
4.0-1): score quality aspects and interpret quality scores. There are three procedures
for scoring quality aspects, as shown in Figure 4.0-5: (1) identify allocation

relationships, (2) apply worksheets, and (3) score factors. Sections 4.1, 4.2, and 4.3
describe the details of each procedure.
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There are two procedures for interpreting quality scores, as shown in Figure 4.0-6: (1)

analyze scoring and (2) recommend corrective action. Sections 4.4 and 4.5 describe
the details of each procedure.

Procedures assume that software quality requirements have been specified quantita-
tively in a system-level specification and include factor goals, attribute criteria,

criteria weignting, und metrics applicable to government evaluations.
4.1 IDENTIFY ALLOCATION RELATIONSHIPS

This is the first of three procedures for scoring quality aspects. The purpose of this
procedure is to derive the relationships between system-level functions and software
elements to which quality requirements have been allocated. These relationships
define how metric scores for development products should be used for scoring quality
factors for each system-level function.
'

Each relationship should reflect the allocation of quality requirements to software
elements, and scoring should show how each applizable software element contributes
to an aspect of quality for the syétem-level function.  Allocations of quality
requirements should paralle! allocations of technical performance and design require-
ments because the quality requirements are associ.ted with performing specific
system-level functions. Each software element supporting a specific system-level
function should be allocated quality requirements associated with that tunction. Many
specifications contain allocation and/or traceability matrices. These matrices can aid

in deriving specific relationships.

CSCi jevel Evaiuation formuias shouid be used to show the relationship between
system-level functions and CSCIs to which quality requirements have been allocated.
Evaluation formulas are used to relate factor scores for each CSCI to factor scores for
the parent function. On=z evaluation formula is required for each system-level
function to show bow each applicable CSCI contributes to quality aspects of the
system-level function. A table can be used to simplify formula derivation. All
system-level functions and CSCIs for which quality requirements have been specified
are listed on separate axes. An X is used to indicated each CSCI to which quality

requirements have been allocted from a specific function. The evaluation formula for
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each system-level function can be derived from the table and would indicated that

system-level factor scores are the average of applicable CSCI factor scores.

An average score is used in circumstances where the contribution of each CSCI 1s
approximately the same. If CSCI sizes vary significantly or quality requirements are
allocated to only small portions of certain CSCIs, using an average score will bias
results, and, therefore, a weighting scheme should be used. A number from zero to
one should be used in place of an X in the table and should indicate the percent
contribution of each CSCI by relative amount of applicable code. Sizing estimates

should be used during design phases and actuals during subsequent phases.

Unit level. During the detailed design and the coding and unit testing phases, metric
scoring is also performed at the unit level for each CSCI. It is not necessary to derive
relationship formulas because answers for unit-level worksheets are used in filling out
CSClI-level worksheets. Applicable scoring at the CSCI level reflects average scoring
at the unit level. (Units are assumed to he approximately equal in size.) However it is
necessary to identify units to which quality requirements have been assigned to enable
application of unit-level worksheets to appropriate units. A list of applicable units
should be made for each CSCI. If a CSCI has been allocated quality requirements from

more than one system-level function, a separate list of applicable units should be
made for each applicable function.

Results of this procedure should be submitted for inclusion in the Software Quality
Evaluation Report.

4.2 APPLY WORKSHEETS

This is the second of three procedures for scoring quality aspects (see Fig. 4.0-5). The
purpose of this procedure is to collect metric data using worksheets. There are seven
metric worksheets, organized by development phase, contained in Appe’ iix A. Work-

sheets are applied near the end of a development phase to the produci: .f that phase.
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This procedure consists of three steps:
a. Prepare worksheets (step 1).
b. Gather source material (step 2).

c. Answer worksheet questions (step 3).
4.2.1 Prepare Worksheets (Step 1)

Metric worksheet preparation is required prior to collecting data. The appropriate
worksheets should be selected from Appendix A. Table 3.4-1 shows the development
phases during which worksheets are applied. Worksheet 0 is used during system/soft-
ware requirements analysis, worksheet | during software requirements analysis, and
worksheet 2 during preliminary design. Worksheets 3A and 3B are used during detailed
design; 3B is applied at the unit level and 3A at the CSCI level. Worksheets 4A and 4B
are used during code and unit testing; 4B is applied at the unit level and 4A at the
CSCI level. During the test and integration phases, selected metric questions are
reapplied as indicated in the quality attribute correlation table in Appendix A. The
primary purpose is to deterinine that answers to selected questicns have not changed
as a result of implementation or testing. Answers to these questions can be monitored
individually and compared to answers from prior phases or can be used with applicable

answers from prior phases to calculate new factor scores.

Each worksheet contains questions regarding all quality attributes applicable to the
phase during which the worksheet is applied. Worksheets should be tailored for the
specific quality attributes of interest. It would be unusual to have quality require-
ments for all 13 factors specified for any one system-level function. A subset of
quality aspects is normally specified for each function and therefore for the software
supporting that function. Worksheets should be tailored to reflect only quality
attributes of interest by deleting unneeded questions. The system-level specification
should contain a list of applicable criteria and st.ould identify metrics that will be used
by the government for evaluating achieved quality levels. This information can be
used as a basis for deleting unneeded questions on worksheets. The quality attribute
correlation table in Appendix A identifies the criteria, metrics, and metric elements
applicable to each phase and indicates which metric elements have corresponding
questions for each worksheet. '
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System-level. One worksheet is required for each applicable system-level function.
Each werksheet should be tailored for the specific quality attributes of interest for
that function.

CSCI level. One worksheet is required for each CSCI identified in Section 4.1, Each
worksheet should be tailored for the specific quality attribates of interest for that
CSCI. If a CSCI has been allocated quality requirements from more than one
system-level function, attributes of interest should correspond to quality requirements
for all applicable functions. The table developed in Section 4.1 identifies each

function from which quality requirements have been allocated to a CSCL

Unit level. One worksheet is required for each applicable unit identified in Sectio~
4.1. Each worksheet should be tailored for the specific quality attributes of interest
for that unit. If the parent CSCI has been allocated quality requirements from only
one system-level function, the quality attributes of interest are the same for the unit
as for the parent CSCIL. If the parent CSCI has been allocated quality requirements
from more than one system-level function, the unit may have been assigned quality
requirements from any one or more functions. Lists of applicable units, by CSCI, were
developed for each function in Section 4#.1. Attributes of interest for each unit should
correspond to quality requirements for all applicable functions. Each unit should have

only one worksheet.

4.2.2 Gather Source Material (Step 2)

Scurce rnaterial should be gathered for answering questions on metric worksheets.
Tabie 3.4-2 lists the minimum product set by software devclopment phase that is
required for answering worksheet questions. Each product is identified by title and by
DID number. Information from the entire set of products for a particular phase is
needed to answer questions on the worksheets applicable to that phase. It is not
necessary to have the specific product set listed, only to have equivalent information
available for answering questions. For example, the QA plan and software standards

may be included as part of the software development plan for smaller projects.




£.2.3 Answer Worksheet Questions (Step 3)

Metric worksheets are divided into two sections—A and B. Section A is for general
information describing the specifics of an application of the worksheet and should
remain with the rest of the worksheet for identification. Section B contains metric
questions. Questions are organized alphabetically and numerically by metric element
acronym, as indicated in the quality attribute ccrrelation table in Appendix A.
Terminology used in the worksheets generally is consistent with terminology in
proposed DOD-STD-SDS (e.g., CSCI, unit). The term "software" is used in a general
sense throughout the worksheets and refers both to the end product (code, data) and to
the product in 1ts most recent stage of evolutionary development; i.e., to the software

as represented by the --oduct set for a development phase.

Worksheet questions should be answered by personnel familiar with the project
software, software documentation scheme, QM technology, and general concepts and
terminology used in DOD-STD-SDS. Questions should be answered objectiyealy.
Examples and explanatory information are included with many questions, and a
glossary is provided at the end of each worksheet. Some questions may require
subjective judgement. To minimize variations in answers, review parent criterion and
factor definitions for vach metric (see Sec. 3.0), and review all questions applicable to

one metric prior to answering the first question,

Identifying source material for answering any one question should be simple for
personnel familiar with the project documentation scheme. For example, for questions
regarding the system or soitware itself, refer to specifications or design documents;
and ‘or questions -egarding standerdization, reier to documents describing software
standards. If source material 1s not available for answering questions, questions should
be answered in the negative as this is a defiziency. Answers and scoring should simply

reflect the degree of system and scftware characteristics.

Many worksheet quescions use the terms "all" or "free from". These terms are
intended as totally inclusive and totally exclusive, respectively. Any one instance ¢ £
variation requires that the question be answered in the negative to bring attention %» &
variation. Variations are potential problems, and part of the intent of QM technolcgy

is to dewect problems early in the development cycle when corrertions are less coeily.

. “ o B
I S R A L i s
A e - oS

s g M S L e A R Ty A A

. -
P N

L2

,; Tt << P -, K

A

* .i?'

1 ey

:z,‘-..,
RSN A
« e L

()

e :

»
[V IRY

-

B L L Y



Vo wc o e g wd

Some worksheet questions may be redundant among worksheets for some projects. For

example, if two CSCIs have been allocated requirements from the same parent :

specification, some requirements may be the same (e.g., interface protocol, data .
format); and if one development contractor or subcontracter is developing all CSCls 1n i
the same language, the same Jevelopment standards may be used. Regardless of

circumstances, all applicable questions on each worksheet should be answered because .

each worksheet is used separately when scores are calculated.

Results of applying worksheets should be reproducible; that is, if the same worksheet

is applied by a second person, answers should be the same. In case. where judgement

AR ]

is exercised in answering worksheet questions, rationale should be noted. In cases

where violations occur, the software element in violation should be noted. These and

- pr—

other applicable comments should be compiled with the completed worksheet and

o

submitted by memo in a format suitable for inclusion in the Software Quality

e s

Cvaluation Reg ort (see App. C).
Normally, a worksheet will be applied at least twice—once to the draft version and
once to the final version. Data collection personnel may find it efficient to also

record additional information such as paragraphs referenced for answering questions.

4.3 SCORE FACTORS

This is the third of three procedures for scoring quality aspects (see Fig. 4.0-5). The

—aar

purpose of this procedure is to calculate scores for each software quality factor using
factor scoresheets and information from completed metric worksheets. There are 13
factor scoresheets—one for each software quality factor—contained in Appendix B.

Worksheet information is transferred to scoresheets at the metric element level.

W
v

Scores are then calculated for the parent metrics, criteria, and factor according to the
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This procedure consists of two steps:
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a. Prepare scoresheets (step 1).

b. Calculate factor scores (step 2).
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4.3.1 Prepare Scoresheets (Step 1)
Factor scoresheet preparation is required prior to calculating scores. The appropriate
factor scoresheets should be selected from Appendix B. One scoresheet should be E
selected for each quality factor of interest. At the systeru level, one scoresheet is "
required for each factor of each system-level function. At the CSCI level, one
scoresheet is required for each factor applicable to each CSCL CSCIs and parent )
functions are identified in the table developed in Section 4.1. Quality factors of :?‘
interast should correspond to quality factor requirements allocated from system-level .
functions. If a CSCI has been allocated quality requirements from more than one \
function, factors of interest should correspond to quality requirements for all
applicable functions. *_
Factor scoresheets should be tailored to reflect only quality attributes (criteria, ‘ -
metrics, and metric elements) of interest b;' deleting unnecessary attributes. The
system-level specification should contain a list of applicable criteria and should :i
3 identify metrics that will be used by the government for evaluating achieved quality
3 levels. This information can be used as a basis for deleting unnecessary attributes on a
g scoresheets. This process is similar to that performed in tailoring metric worksheets L
:] in that source information is the same. The primary differences are: :_:__
a. For each CSCI there is only one worksheet but up to 13 scoresheets. :
b. Quality attributes appear only once on a given worksheet; attributes may appear on \
5'. more than one scoresheet because of criterion/factor relationships (see Tbl. 3.2-1). H
The same factor scoresheet templates are used {>r each development phase. Each :;_’:‘
A scoresheet needs further tailcring to make it compatible with the current development
‘é: phase. The quality attribute correlation table in Appendix A identifies the criteria, N\
£y metrics, and metric elements applicable to each phase. Nonapplicable attributes &
@ should be deleted from each scoresheet.
K The end result of scoresheet tailoring should be scoresheets that are compatible with -
;‘ worksheets for the current development phase. For each scoresheet metric element, !_
;* there should be an answer to the corresponding metric element question on the
3
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corresponding worksheet. And for each worksheet answer, there should be a

I

corresponding scoresheet metric element on each applicable scoresheet.
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Each criterion is assigned a weightirg value when calculating factor scores. Separate
weighting formulas are used for each factor. If a criterion is an attribute of more
than one factor, a different weighting value may be assigned for each parent factor.
The system-level specification should list factor weighting formulas required for
scoring. Weighting values should be entered on each factor scoresheet for easy
referencing when performing calculations.

4.3.2 Calculate Factor Scores (Step 2)

Scoresheets contain blanks for entering the factor score and scores for each attribute:
criteria, metrics, and metric elements. Scoring starts at the metric element level.
Answers to each worksheet question are translated into a metric element score, and
the score is entered in the corresponding metric element blank on the scoresheet.
"Yes" answers are scored 1. "No" answers are scored zero. Numeric answers are

transferred directly scoresheets (range from zero to one).

After all metric element scores have been entered, metric scores are calculated.
Metric scores are the average of all applicable metric element scores. Criteria scores
are calculated next and are the average of all applicable metric scores. One factor
score is calculated for each scoresheet using the factor weighting formula. Criteria
weighting values should sum to 1.0.

Completed scoresheets and pertinent comments should be submitted for inclusion in

the Software Quality Evaluation Report with the worksheet used as source material.

4.4 ANALYZE SCORING

This is the first of two procedu'<s “>r interpreting quality scores (see Fig. 4.0-6). In
this procedure, scoring resul"" are used to determine variations from specified
requirements and causes of var..tions. Scoresheets and worksheets from previous
procedures are used as source material. Results are documented in the Software
Quality Evaluacion Report.

. : - .

. Pn PR e A ™ ™ e
N e N -.k_ e
- 13

.

'
v

P
N

&d e
s

- P et e
S IR S R

« PR .
v K g K ~ - \ - [ L
B A y'.A.,,Jy Vet et R At e ~h

¥ - - " - ~ - - -
L Y e R N Rl L T S A

.~ et
- gt

,“.v (LIS
e Vet 0 'k

1
@ )

.
"~

panrs

.,..
et

.t

MUY T o

i@




L WA A T e T Y A A T S TR L LT O A TR LA TR B S I SEEATA RV AR R
1]

£

This procedure consists of four steps:
a. Calculate functional scores (step 1).

b. Compute scoring trends (step 2).

.
.
-
.
~

c. Compare scores with requirements (step 3).

d. Analyze variations (step 4).

4.4.1 Calculate Functional Scores (Step 1) .
)

Step 1 of this procedure is to calculate scores fui each quality factor for which

AT

requirements have been specified at the system itsvel. A separate factor score is
calculated for each factor of each applicable system-level function. Scoresheet

results are used as source information.

LI rv,

L -

If the current phase is system/software requirements analysis, factor scores on

scoresheets correspond to factor scores for each system-level function, and no further

K. £ T

action is required.

If the current phase is other than system/softw ~re requirements analysis, factor scores

. v

on scoresheets are for a CSCI and may not correspond t) factor scores for functions.

RN 3N

The evaluation formulas developed in Section 4.1 show the relationship between each
system-level function and each applicable CSCI. Use the evaluation formula and

scoresheet factor scores and calculate functional factor scores for each system-level

function. The same formula is used for all tactors of one function.

N

4.4.2 Compute Scoring Trends (Step 2) N
Step 2 of this procedure is to compute factor scoring trends over development phases. ;
Scoring results from previous evaluations and fiom this evaluation should be used as ?,
data points to show the scoring trend for each factor. At a minimum, functional .
factor scores should t@ plotted. Plots of other scoring trends may prove useful in ::
analyzing scoring (e.g., CSCI factor scores).
’

)
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4.4.3 Compare Scores with Requirements (Step 3)

Step 3 of this procedure is to compare scores computed in step 1 to specified
requirements. The purpose of this step is to determine if scores satisfy specified
requirements. Scores range from zero to one. Requirements are normally specified as
a quantitative range (e.g., from 0.80 to 0.89). Graphs can be used to pictorially
compare goals with scores. At a minimum, comparisons should group all factors for a
single system-level functicn. Other groupings and comparisons may prove useful in
analyzing scoring (e.g., grouping the same factor for all applicable system-level
functions and comparing goals and scores at the CSCI level).

4.4.4 Analyze Variations (Step 4)

Step 4 of this procedure is to identify each factor for which scoring goals are not
satisfied and to explore the cause. This step deals only with specific causes for
scoring deficiencies. Remedies for correcting scoring deficiencies are explored in the
next section.

All scoring deficiencies for each system-level function should be identified. The
process of analysis to determine causes should start at the systeri leve! and proceed to
lower ievels (CSCI and unit) incrementally. Anaiysis at each lc vel should pro. ule clues
as to which areas to explore at the next-lower level to d=termine causes of scoring
deficiencies. Analysis should include inves:igating scoring patterns beca.se these are
especially revealing.

For example, analysis of scoring at the systein leve! could reveal that a factor score is
consistently low for all functions. 1f so, analysis at the CSCI level would likely show
the same pattern for the same factor. Investigation of attribute scoring should show
which attributes are low-scoring, and a review of low scoring metrics should show the

nature of the basic problem.

Another possibility is that analysis of system-level scores reveals that scoring is
consistently low for one function. Further investigation should focus on scoring for
CSCIs supporting that function. CSCl-leve! investigation should show which attributes

ar= low scoring. If only specific attributes ar v scoring, a review of low scoring
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metrics should show the nature of the problem. If attributes are low scoring in :

general, the cause could be a low quality product or that methods used by data l

collection personnel are resulting in low scores. Appropriate products and completed .

worksheets should be reviewed.

If worksheets 3A or 4A were used for CSCI-level scoring, low scoring can be traced ;_

through worksheet answers to the unit level (worksheets 3B and 4B) to determine the '

cause of scoring patterns.

Results of this analysis should be submitted for inclusion in the Software Quality ___

Evaluation Report. Causes should be listed separately for each scoring deficiency. .2

The following are example causes: -

a. The software design does not provide this characteristic.

b. This characteristic is only required for portions of the design. &

c. Development standards do not refer to this characteristic. 1'_:§

d. Development practices vary among design teams; no standard has been established

in this area (or, the standard is interpreted differently). .»

e. Information for this characteristic was not documented. ;!

f. This characteristic is provided by most but not all software elements. The :j;

worksheet question was worded "all" and therefore answered in the negative. ‘,

Exceptions are noted here and explained on the corresponding worksheets. o

g. This characteristic was not provided for this software element because to do so L.?

would be in conflict with derived (or other) requirements. o

h. Scores for this characteristic varied ccnsiderably because personnel answering .‘

worksheet questions could not agree on its interpretation for this project. L

i. This characteristic is not available for this project because of language/compiler E

limitations. =

j. This characteristic was most often scored negative but does not seem to apply to

this project {e.g., no technical requirement). __:

. This area of the design/ccde consistently scored low for the following characteris- .
tics . . . but there is no violation of technical requirements.

:?:
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4.5 RECOMMEND CORRECTIVE ACTION

This is the second of two procedures for interpreting quality scores (see Fig. 4.0-6).
The purpose of this procedure is to summarize problems and provide recommendations
for correcting scoring deficiencies defined in the previous procedure (see Sec. 4.4).
Results are documented in the Software Quality Evaluation Report.

This procedure consists of two steps:
a. Summarize problems (step 1).

b. Provide recommendations (step 2).
4.5.1 Suinmarize Problems (Step 1)

Step 1 of this procedure is to provide a summary of problems. Analyses results from
the previous procedure (see Sec. 4.4) are summarized tu the level of problem

staternents and are used in the next step as bases for recommending corrective action.

The lists of deficiencies and causes developed in the previous procedure should be
reviewed. Causes are stated in specific terms. Causes should be categorized so that a
more general statement of the problem can be formulated. These summary state-
ments should clearly define the problem at a level where action could be taken.
Several iterations on categorization may be required before satisfactory problem
statements are developed.

The following are example problem statements:

a. There are no technical requirements to provide certain features or characteristics
measured by the metrics.

b. Development standards are not strictly enforced or are vague.

c. Design or implementation choices do not provide certain characteristics measured
by the metrics.

d. Development standards are not as comprehensive as metric questions.

e. There are conflicts between certain technical performance or design requirements

and the quality requirements.

The documentation scheme does not provide information required to answer certain

metric questions.
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P g. Requirements, design, or code are deficient in certain areas. o
f_f; h. Certain metric scores indicate that requirements have not been allocated appropri- “
7| ately. 5

-, i. Certain scores are low because of necessary design or implementation exceptions. o

By >
;4‘ .
4.5.2 Previde Recommendations (Step 2)

q . . . . . . ]

i The purpose of this step is to provide recommendations for correcting scoring -
= deficiencies. Summary problem statements from step | are used as source materiai. '_:

,_: Results are documented in the Software Quality Evaluation Report. :j:’

&S
.
.

)
el

Specific recommendations for corrective action should be provided whenever possible

and should include rationale. Otherwise, provide summaries of action alternatives

with potential results and consequences. Recommendations and action alternatives ) .
; should focus on technical solutions to problem statements and should not consider -;E‘
. administrative issues (e.g., action responsibility, schedule, and budget). 4
\: A broad range of actions is possible. Action recommendations and alternatives should '
l‘ reflect realistic solutions for all problem statements ana should consider system goals -3
and requirements and design and implementation limitations and constraints. =
The following are example actions: .
; a. Change certain quality requirements (e.g., add, modify, or delete quality attributes ~“1
- or change goal levels). h
’l b. Change certain quality attribute measurements or scoring (e.g., monitor selected ?
B attribute scores but do not use in scoring). '_E::
c. Change certain technical periormance or design requirements. =

d. Change allocation of certain requirements (technical or quality). E'.;

e. Change certain aspects of the documentation scheme. "

f. Change certain aspects of standards or enforce standards. jl:i_

g. Correct certain requirement, design, or implementation deficiencies. _,;
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4.6 AUTOMATION

Portions of the evaluation process can be automated for the sake of efficiency.
Worksheet information and answers could be stored in a data base, and reasonableness i
checks could be performed on answer entries. Factor scoring, comparisons with |
requirements, and trend analyses could be perfermed automatically. Scoring pattern
reccgnition could be computer-aided. And report generation could be automated. It 1s
also possible to automatically scan source information (e.g., code and PDL) to obtain ;

answers for some metric questions.
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APPENDIX A
METRIC WORKSHEETS

Appendix A contains metric worksheets used to collect metric data during develop-
ment phases. Seven different worksheets are applied to devefopment products in
different phases and at different levels of abstraction.

a. Metric Worksheet 0, system level, svstem/software requirements analysis.
b. Metric Worksheet 1, CSCI level, software requirements analysis.

c. Metric Worksheet 2, CSCI level, preliminary design.

d. Metric Worksheet 3A, CSCI level, detailed design.

e. Metric Worksheet 3B, unit level, detailed design.

f. Metric Worksheet 4A, CSCI level, code and unit testing.

g. Metric Worksheet 4B, unit level, code and unit testing.

Selected metric questions are reapplied during subsequent phases as indicated ia the
quality attribute correlation table on the next few pages.

Worksheets are divided into two Sections—A and B. Section A is for general
information identifying a specific application of the worksheet. Section B contains
metric elements in question format. Th applicable metric element is identified by
acronym at the beginning of each worksheet question. Each worksheet contains
questions for all metric elements applicable to the phase during which it is applied.
Questions on each worksheet are organized alphabetically and numerically by metric
element acronym. The quality attribute correlation table on the next several pages
identifies each metric element and parent mctric and criterion and summarizes the

metric element content of each worksheet.

Terminology used in the worksheets generally is consistent with proposed DOD-STD-
SDS (e.g., CSCI, unit). The term "software" is used in a broad sense and refers both to
the end product (code, data) and to the product in its most recent stage of
evolutionary development. For example, on Metric Worksheet 1, software refers to
descriptions of the software in the software requirements specification and other
documents that are products of the requirements analysis phase. A glossary is

provided at the end of each Section B.
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;8 METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION
- i
Life-cycle phase/activity Demonstration Fuil Scale Developmant !
" and Validation .
. Quality factor stttnbutes '
:‘: System/ | sottware * | coding | csc cscl- | System '
. Cniteia Metrics Metnic gm)““ Req'mts | Preliminary | Detatled | 3ng Unit | tntegration | tevel Integration )
tlements A::lm Analysis | Design Oesign | Testing | snd Testing | Testing | 3nd Tesung !
i
Accursey Accursey ACI{1) ) ‘
checklist AC.1{2) 0
AC.1{3) 0 1 .
AC.1{4) 0 1 .
AC.1(5) 0 1 )
AC.1{8) 0 1 )
ACHT) 2 2 2 2
AC.\(8) 4A 4A ‘
Anomaiy Error AR '] 1 1 0 {
Mangement tolersnce/ AM.1(2) 0 1 1 [} {
convol AM.1(3) ] 1 3A8 4AB .
AM.1{4) 0 1 1 0 .
Improper AM2(01) 0 1 ‘
input dets AM.2(2) A 4A .
. AM2(3) 3A 4A '
" AM.2(4) 3A 4A '
g AM.2(5) 3A 4A .
. S AM.2(6) 3A 4A 4A
N AM.2(7) 3A8 4AB .
o .
- Computationsl AM.3(1) 0 1 2 !
E L failures AM.3(2) 1 3A 4A \
R AM3(3) 1 3A <A
S- AM.3{4) 1 3A 4A 4A 1
W, Hardware faults AMA(1) 0 1 2 2 f
R
R Ovics errors AM.5(1) 0 1 2 2
- Communication AM.B1) 0 1 2 2 2
’ errors AM.6(2) 2 2 2 !
AM.6(3) 2 2 2
AM.6(4) 2 2 2
Node/ AM.7{1) 0 1 2 2
communication AM.7{2) 0 1 2 2
failures AM.7(3) (] 1 2 2
Application Database management | AP.1{1) (] 1 2 3A8 4A.8
1ndependence implementation
indepandence
Data stricture AP.2(1) 3A.8 4AB
AP.2(2) (] 1 3A8 4A8
AP.2(3) 3A8 4AB
AP.2(4) 0 1 38 4AB
Architecture AP.3(1) 0 1 3A8 4A.8
standardization AP3(2) 4AB
Microcode
indapendsnce AP.4(1) 0 1 3A.8 4AB
Functional AP.5(1) 0 1 2
e independance AP.5(2) 2 2
et AP.5(3) 2 2
oty Augmentabitity | Dats storage AT.A(1) 3A8 4A.B
9 expansion AT.1{2) 0 1 2 3A 4A 4A 4A
el AT.1(3) 0 1 2 3A 4A A ‘A
A » "
Sy Computation AT2(1) 3AB | 4AB
. extensibrlity AT.2(2) 3A.8 4AB
LR AT.2(3) 0 1 2 3A 4A 4A 4A
N Chaanel AT3(1) 0 1 2 A 4A A A
- extensibility AT.3(2) 0 1 2 3A 4A 4A 4A
Design ATA(1) 0 1 v 2 2
B extensibility AT.4(2) 0 1
AT.4(3) 0 1
Autonomy interface AUI(T1) 0 1 2
complexity A'J1(2) 3A 4A
AUA(3) 3A 4A
AU.1(4) 2 34 4A 4A 4A
R Seltautficiency AU.2(1) 0 1 1 1
AU.2(2) 0 1 2 I 2 2
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METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Lifecycle phass/activity

Quality {actor attinbutn

Demonstration
and Validation

Full Scale Development

Cntaris

Metrics

Metric
elements

System/
Software
Reg'mts
Analysis

Software
Reg’'mts
Anatysls

Praliminsry
Desion

Detailed
Design

Coding
and Unit
Testing

CcSsC
Integration
and Yesting

CsCl-
level
Testing

System
Integration
and Testirg

Commonality

Communications
comenonslity

cLi{y)
CL.1(2)
cL1(d)
CL1{4)
~-1S)
CcL1(6)
CL.un
CcL.1(8)
cL1{9)
cL1(10)
cL1
cL.1(12)
CcL{13)
cL1(14)

[-X-N-N-FK-N-F-y-Y.-N- N~ L-F-N-]
D e e

[SESESRANSERR S

[ SIS B N1

3A
3A

4A
4A

NRNNPONN

-t o —a -

[-X-N-¥-N-N-X-FJ

Data
commonslity

cL2m
CL2(2)
CcL2{(3)
CL2(4)
CL2(5)
cra(e)
cL2(7}
cL2(s)

0CO0O0O0CODOoO0
-t - at - bt

NN NN

34

1A
4A

N

000 © O

Common vocabulasry

cL3n)

(-
-

Complateness

Compietsness
checklist

CP.1{1)
CP.1{2)
CP.1(3)
CP.1{4)
CP.1{5)
CP.1(8)
CP.1(7)
CP.1(8)
CP.1{9)
CP.1{10)
CP.1{11)

-

0000 OO
- - - .

~N NN

~

4444

234

44,8
4AB

4A.8
4AE
4A

Consistency

Procsdure
consistency

cs.1(1)
CS.1(2)
CS.1(3)
CS.1{4)
CS.1(5)

PO

4A.8
4A.8
4AB
4A.8

Dats
consistency

Cs.2(1)
€s.2(2)
CsS.2(3)
CS.2(4)
C5.2(5)
cs.2(6)

s ms mb —d -,

sgs |sesss

4

1A,B
4A.B
4A.8

4A8

Distnibutedness

Detion structure

DL
DL1(2)
DL1(3)
DI.1{4)
DL1(5)
D1,1(6)
D1.1(7)
D1.1(8)
D1,1(9)

- - -

- s s

NN

Access to

doct

DO.1{1}

©C 10000000 OCL ] O0CO0OO0OOND [ O0OO00CO | O

NI RPN RV TRRRNNNRN N

3A

4A

Rl NN

o ~N [SE SN SES]

Well-structured
documentation

00.2(1)
00.2(2)
00.2(0)
DO.2(4)
D0.2(5)
D00.2(6)
DO.2(7}
00.2(8)

COO0O0O00
-, - .

~ [SESN SN SY )

3JA

3A
3A

3A

4A

4A
4A

4aA

~

4A

4A
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4A
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METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Lifecycle phaie/octivity Demonstration Full Scale Development
and Validation
Quility factor atttnibutes -
System/ | cottware Codiog | csC csCl | System
Critetia Metrics Metrec Software | Reqimes | Pretiminary | Detsiled [ 4ngynit | Integration | level | Integration
slements | Req'mus | anyyygiy | Desion Delon | Testing | and Testing | Testing | and Testing
Analysis
Effactiveness. Communication EC.A(N) 0 1
Communication | effectivensss messure
Effoctivensss- Procesting EP.1(1) 0 1
Procescing stfoctiveness EP.1(2) 3A.B 4A.8
messure IR [} 1 3A 4A.B
EP.1{4) 3AB 4AB
EP.1(5) 0 1 2 3 4A 4A 4A 4A
EP.1(6) 3AB 4A.8
Data usspe EP.2(1) 0 1
stfectiveness EP.2(2) 0 1 2 3A
meesurs €P,213) 0 1 2
EP.2(4) IAB 4A8
£P.2(5) 3AB 4A.8
EP.2(6) 2 3A
EP.2(7) 3AB 4A.8
Effactiveness- Storage ES.1(1) [} 1
Storage stfoctiveness ES.1(2) 0 1 2
meesure ESI1(3) A 4A
ES.1(4) 3A 4A
ES.1(5) 0 1 2
~S.1(6) 3A,B 4A8
<S.1(7) [+] 1 4A
ES.1(8) o 1 2 3A 4A
Functions| Functional FO.1(1) 0 1
Ovetlsp overlsp FO.1(2) 0 1
chocklist FO.1(3) 0 1
FO.1(4) 0 1
Functional Function FS.U1{1) 3A,8 4A.8
Scope specificity FS1() 4AB
Function FS.2(1) 0 1
coinmonality FS.2(2) 0 1 2
FS.2(3) [1] 1 2
FS.2(4) 0 1 2
FS.2(5) 0 1 2
Fs.2(6) 0 1
Function FS.3(1) 0 1 2 2
safective FS.3(2) 0 1 2 2
usability FS.3(3) 0 1
General Unit refersncing GE.1(1) 3A 4
Unit GE.2(1) 3A 4A
implementstion GE.212) JAB 4A.8
GE.2(3) 3A.8 4A.B
GE.2(3) 3A8 4A.B
Indapendence Software i (1) 3AB 4A.8
independence 1D.1(2) 0 1
from system 1D.1(3} 0 1 2 3A.8 4AB
Machine 10.2(1} 0 1 2
independencs 10,2(2) 3A 4A
1D.2(3) 3A 4A
10.2(4) 3A 4A
Modulanty Modulsr MO.1(1) 0 1
implementation MO.1(2) 0 1 2 3A 4A
MO.1(3) 3A,8 4AB
MO.1(s) 3A.8 4A8
MO.1(5) 3A,8 4A.B
MO.1(6) 3A.B 4A.B
MO0.1(7) 3A.8 4AB
MO.1(8) 3AB 4A.B
MO.1(9) 2 3AB 2AB
Mouular M0.2(1) 0 1
dengn MO.2(2) 1 2 3A 4A
MO.2(3) 1 2 3A 4A
MO.2(4) 0 1
MO.2(5} 1 2 3A.B 4A.8
A-4
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METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION {CONTINUED)

Life-cycle phase/sctinity Demonstration Full Scale Development
ad Validstion
Quality factor atttnbuts
System/ | Sottware Codirg [ CSC CSCI- | System
Criteria Matnes Matric Softwars | geq'mu | Preliminary | Detailed | yngunit [ tntepration | fevel | Integration
stenents | Reaimts | pngyygis | Desion Oetion | Testing | and Testing | Terting | ang Tesung
Analysis
Operabulity Operadiity OP.1(1) 0 1 2 2 2
checklist 0P.1(2) 0 1 2 3Aa 4A 4A 4A
0oP.1{3) 0 1 2 3A 4A 2 2
OP.1(4) Q 1 2 2 2
OP.1{5) 0 1 0
OP.1(6) 0 1
OoP.1(7) 2 2 2
OP.1(8) 0 1
OP.1(8) 2 2 2
QP.1(10) 0 1 2 3A 4A k4 2
OP.1(11) ] 1 2 2 2
OP.1(12) 0 1 2 2 2
OoP 1(13) 0 1 2 2 2
QP.1(14) 0 1 2 2 2
0P.1{15) 0 1 2 2 2
0oP.1(16) 0 1 2 2 2
User input oP.2(1) 0 1 1 0
communKativeness 0P.2(2} 1 ] 1
0P 2(3) 1 1 1
OP.2(4) 0 ] 2 2 2
OP.2(5) 0 1 2 2
OP.2(6) (1] 1 2 2 2
Ussr output OP.3(1) 0 1 2 2 2
COMMUNICIUYENESS CP 3(2) [} 1 2 2 2
0P.3(3) 0 1 2 2 2
OP,3(4) 1 1 1
QP 3(5)} 1 1 |
02.3(6) 0 1 2 2 2
OP.3(N [{] 1 2 2 2
OP,2(8) 0 1 2 2 2
Reconfiguer- Restructure RE.I(1) [} 1 2 2 2
ability checklist RE.1(2} 0 1 2 2 2
RE.N(3) 0 1 2 2 2
RE.1(4) 1] 1 2 2 2
Seit- Quantity of comments | SD.1{1) 4A,8
Descriptiveness
Fétactivenens SD.2{1) Q ] 4AB
of comments $D.2(2) 0 1 4A8
$0.2(3) 4A.8
SD.2(4) 4A8
S0.2(6) 4N,8
SD.2(6) 4A8
SD.2(7) 4AB
SD.2(8) 4A8
Descriptivenets SO 3N 4A.8
of lsnguage SD.3(2) 4A8
50.3(3) 4A8
$D.3(4) 4A8
$0.3(5) 1] 1 3AB 4A.B
$0.3(6) 4A.B
Simplicity Desigy, structure SLI(Y 0 1 2 3A
S1L.1(2) 3A.8 4A.8
S1.1(3) 3A,8 4A.8
Si.1{4) 3A,8 4A.8
S1.1(5) 3A8 4AB
$1.1(8) 2 3, 4A
SL1(7) 2 3A 4A
S1.1(8) [} 1
SI.1(9) 0 1 2
SL1{(10) 2 3A 4A
Structured lsnguage SL2(1y [+} 1 2 4A
Of Dreprocessor
Data and control S1L3(N 3AB 4A.8
flow complexity
Coding SIL4(1) JAB 4AB
simplicity S1.4(2) 3A8 4A,B
SL4(3) 3A.B 4A.8
$1.4(4) 3A8 4A.8
S1.4(5) 3A.8 4A.8
$1.4(6) 4A.8
SLA(7) 4A.B
S14(8) 4A.8
SLA4(B) 4A.B
S1 410} 4A.8
sl 4A.B
$1.4(12) 4A.8
SL4(13) 1] 1 2 4A.8
SL4(14) 3A 4A
Speciticity SIL6(1) 3A.8 4A8
SL5(2} 3AB 4A.8
S1.5(3) 3AB 4AB
Halstead’s lovel of St 8(1) 3A8 4A.B
difficulty measure

Al



METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Lifacycle phasa/activity o} stion Full Scale Development
and Validation
Quslity factor atttributes
System/ | otonare Coding | CSC CSCH- | System
Cutera Metnics Metric goft‘wau Req'mts ;’:""""“" Dewled | 4ngUnit | Integration | tevet | Intagration
elements eAME | Anaiyns | Denion D807 | Testing [ and Tesung | Testng | and Testing
Analysis
System Access control $S.4(1) 0 1 2 2 2
Accesibility S$S.142) 0 1 2 2 2
SS.1(3) [1] 1 2 2 2
€S.1(4) 4} 1 2 2 2
Access audit ss.2(1) 0 1 2 2 2
$S.2(2) ] 1 2 2 i
System Interface ST.1{1) 3A,8 4A.8
Charaty complexity ST.112) 3A.8 4AB
ST 3A.8 4A.8
ST.1%) 3A,8 4A.B
ST.1(5) 3A.8 4A.8
ST.1(6) 3 4A
Program flow ST.2(1) 3A8 4A.8
complexity ST.2(2) 3A,8 4A8
ST.2(3) 3A.8 4A.8
ST.2(4) 3A.B 4A.B
ST.2(5) 4A.B
Application ST.3(n 0 1
functional ST.3(2) 0 1 2 3A
complexity ST 3(3) 3A.8 4A8
ST.3(4) 3A 4A
ST.3(5) 2
3T.3(6) 2
Communication ST.A(1) 3A.8 4A.B
complexity ST.4(2) A8 4A.8
ST.4(3) 3 4A
ST.4(4) 3A.8 4A,8
ST.4(5) 3A.B 4A.8
Structure ST.5(1) 3A.8 4A.B
clanty ST.5(2) 3A.B 4A.B
ST.5(3) 3A.B 4A.8
ST.5(4) 3A.B 4A,B
System Communication SY.1i(1) 0 t 2 2 2
bility patibility SY.1{2) ] 1 2 2 2
SY.:(3) 0 1 2 2 2
SY.1{4) 0 1 2 2 2
Data compatibility SY.2(%) 0 1 2 2 2
SY.2(2) 0 1 2 2 2
SY.2(3) 0 1 2 2 2
Hardware SY.3(1) [1] !
compatibihity SY.3(2) 0 1 H 0
SY.3(3) 0 1
$Y.3(4) 0 1 1 0
5Y.3(5) 0 1
SY.3(6) 0 1 1 0
Sottware SY.4(1) 0 1 2 2 2
compatibility SY.4(2) 1] 1 2 2 2
SY.4(3) 0 1 2 2 2
Dowumaentation for SY.5(1) 0 1
othar system
Traceability Cross reference TC.3{1) 1 2 3A
TC.1(2) 3A
Training Training TN.1(1) 0 1 3A 3A 3A
checknst TN.1(2} 0 1 3A 3A 3A
TN.1{3} 0 1 3A 3A 3A
TN.1{4) 0 1 3A 3A 3A
Virtuality System dats VR.1(1) 0 1 2 2 2
independence
Visibility Unit testing vsi1) 3A.8 4A.B
VS.H2) 3A.8 4A.8
Integration testing VvS.2(1} 3A 3A
CSCI testing vS.3(1) 3A 3A
VS8.3(2) 3A 3A
VS5,3(3) 3A 3A
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METRIC WORKSHEETY & SYSTEM LEVEL

WORKSHLET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1.
2,

Enter the name and contract number of the project.

Enter the date the worksheet is prepared (month, day, year).

Enter the name of the person responsible for completing the worksheet.

Enter the name of the entity to which the worksheet is applied.

Enter the number and name of all documentation which is used as source
material for answering the metric questions in Section B.

Enter comments reflecting the inspector's observations on product quality and
any additional information regarding specific metric questions.  Attach
addit:onal sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms ts provided at the end of this section.

0-1

A-7




R
.. .
Tttt Yy

“Sua
LI

METRIC ¥ORKSHEET 0

SECTION A - GENERAL INFORMATION
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SOURCE DOCUMENTATION:

INSPECTOR COMMENTS:




METRIC WORKSHEET 0 SYSTEM LEVEL
SECTION B - METRIC QUESTIONS

AC.I(1)  Have accuracy requirements been established for all applicable missions/ '

operations? [Y [N [N/A
AC.1(2)  Have all accuracy requirements been budgeted to individual functions? [Y TN IN/A]
AC.1(3)  Are there quantitative accuracy requirements for all applicable inputs !
associated with each applicable function (e.g., mission-critical function)? [Y TN [N/A] '
AC.1{(4)  Are there quantitative accuracy requirements for all applicable outputs .
associated with each applicable function (e.g., missioncritical function)? Y TN [N/A] )
s
)
AC.1{(5)  Are there quantitative accuracy requirements for all applicable constants
associated with each applicable function (e.g., mission-critical function)? Y TN [N/A]
AC.1(6) Do the existing math library rautines which are planned for use provide enough
precision to support accuracy objectives? Y [N [N/A]

AM.1(1) a. How many instances are there of differenr processes (or functions, sub-
functions) which are required to be executed at the same time (i.e.,

S

concurrent processing)? /

b.  How many instances of concurrent processing are required to be

[ IvA
centrally controlled?

¢.  Calculate b/a and enter score.

¥

'i AM.1(2) a.  How many error conditions are required to be recognized "
" )
(identified)? N/A '

"j b. How many recognized error conditions require recovery or
'~ repair? l:jﬁ_/_f.\.l
> .
At y
4 c.  Calculate b/a and enter score. E!
I‘ ’\
0-3 :

\
- ’
5 A-9 f
~ r
> .

LR S

-

ket ) Mt LT M e, e .
P S A e Y \L.-"\}‘\-"d.).h
Tt T Y e, M A e M e e
P AN R Sl L L T SN D YL
N s o e e na )




METRIC WORKSHEET 0

AM.1(3) s there a standard for handling recognized erroz, such that all error conditions
are passed to the calling function or software element?
AM.I(#)  a,  How many instances of the same process (or function, subfunction)
being required to execute more than once for comparison purposes
(e.g., polling of paralle! or redundant processing resulits)?
b. How many instances of parallel/redundant processing are re-
quired to be centrally controlled?
¢.  Calculate b/a and enter score.
AM.2(1)  Are error tolerances specified for all applicable external input data (e.g.,
range of numerical values, legal combinations of alphanumerical values)?
AM.3(1)  Are there requirements for detection of and/or recovery from all
computational failures?
AM.4(1)  Are there requirements 1o recover from all detected hardware faults (e.g.,
arithmetic faults, power failure, clock interrupt)?
AM.5(1)  Are there requirements to recover from all [/O device errcrs?
AM.6(1)  Are there requirements to recover from all communication transmission
errors?
AM.7(1)  Are there requirements to recover from all failures to communicate with other
nodes or other systems?
AM.7(2)  Are there requirements to periodically check all adjacent nodes or
interoperating systems for operational status?
AM.7(3)  Are there requirements to provide a strategy for alternate routing of messages?
A-10
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AP

AP.2(2)

AP.2(4)

AP.3(1)

AP.4(1)

AP.5(1)

AT.1(2)
AT.1(3)
AT.2(3)
AT.3(1)
AT.3(2)

AT.4(1)
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WORKSHEET. 0

Is there a requirement to limit specific references to the data base
management scheme (e.g., all data calls for data base information processed

through an executive)?
Is there a standard for commenting all global data within a software unit

to show where data is derived, the data's composition, and how the data is
used?

Is there a standard for commenting all parameter input/output and local
variables within a software unit which includes requirements identifying
the data's composition and use?

Is there a requirement to localize specific references to computer
architecture (e.g., specific device references localized to the executive

rather than the application software)?

Is there a requirement to avoid or to limit the use of microcode instruction
statements?

Is there a requirement to develop functional processing algorithms such that
they are not unique to this system's application (e.g., can be used in a
stmiiar app hication with, at most, minimum tailoring)?

Are there requirements for spare memory storage capacity?

Are there requirements for spare auxiliary storaze capacity?

Are there requirements for spare processing capacity (time)?

Are there requirements for spare I/O channel capacity (time)?

Are there requirements for spare communication channel capacity (time)?

Are there requirements for interface compatibility among all the

processors, communication links, memory devices, and peripherals?
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METRIC WORKSHEET 0 SYSTEM LEVEL

AT.4(2)

AT.4(3)

AU.I(1)

au.z2(l)

AU.2(2)

CL.U1)

CL.1(2)

CL.1(3)

CL.1(4%)

CL.1(5)

CL.1(6)

CL.1(7)

Is documentation available which describes the resuits of any previous engineering
studies such as tradeoff studies, feasibility studies, risk analyses, and require-

ments definitions?

Is documentation available which describes new or emerging software-related dis-
ciplines which may affect the scope of the software requirements or the software
implementation techniques (e.g., voice recognition using artificial intelligence
techniques)?

Are al] processes and functions partitioned to be logically complete and self-

7 [
Z|
SIE

contained so as to minimize interface complexity?

Are there requirements for each operational CPU/system to have a separate

power source? IYINTN/A
Are there requirements for the executive software to perform test-

ing ot its own operation and of the communication links, memory devices,

and peripheral devices? N/A

Are there requirements for commmunication with other systems?

Is there a requirement for a protocol standard to control all network
communication?

Is etwork processing control part of the network protocol standard?

Is user session control part of the network protocol standard?

Is communication routing part of the network protocol standard?

Is uniform message hand!ing (e.g., synchronization, message decoding)

]
2|

part of the network protocoi standard?

a. How many functions receive inputs from other systems?

b.  Calculate 1/a ard enter czore. N/
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A
- CL.1I{(8) a. How many functions transmit outputs to other systems? A
e b.  Calculate !/a and enter score. [ IN/A
o
ray)

Y

CL.I{9) a. How many other systems must respond correctly to successfully

complete synchronization? | l:ZE

'r"‘
P U]

1

1
! b.  Calculate 1/a and enter score. [ In/A
A '
“"“"‘ . N . + .
s CL.1(10) Does the time to perform successful synchronization irpose constraints upon
"'~: system computation or response time (e.g., result in user wait time of more
P ' than several seconds)? [YININ/A
.-
; N
v CL.I(11) s the system free from time-critical constraints with respect to external
r‘:"_- communication (e.g., data freshness)? [y [NIN/A]
il CL.I(12) a.  How many other systems is this system required to interface with? [ |NJA
L
S b.  Calculate 1/a and enter score. 1A
Y CL.I(13) Is there a general description of how the computer system appears to the users

and how the users interact with the computer system (e.g., operational concept

document)? [YTNIN/A]

CL.1(14) Is there a complete and definitive set of operating procedures for using this

system? lYi NI N/A!

CL.2(1)  Are there requirements for a standard to establish common representations of

data for uniform communication with other systems? [YININ/A]
CL.2(2) a. How many functions perform data translations? [:@E
b.  Calculate 1/a and enter score. [ IN/AR
0-7
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METRIC WORKSHEET 0 SYSTEM LEVEL

CL.2(3)  Is there a requirement to receive all input data from other systems in common
formats (e.g., commen formats for data positioning, data packing, block tran,-

mission)? FIN [NTA)

CL.2(¢)  a.  How many different formats are used for input data from other systems
(e.g., formats for data positioning, data packing, block

transmission)? N

b.  Calculate 1/{1+a) and enter score. [ INA

CL.2(5) Is there a requirement to output all data to other systems in common formats
(e.g., common formats for data positioning, data packing, block transmission)?  [¥ [N INJA|

CL.2(6) a.  How many different formats are used for output data to other systems
(e.g., formats for data positioning, data packing, block

transmission)? L:m

b.  Calculate 1/(1+a) and enter score.

CL.2(7)  a.  How many different types of input records are received from other

systems? | [:ZE

b.  How many types of input records received from other systems contain tags

identifying the type of data they contain?
¢.  Calculate b/a and enter score. [CINTA

CL.2(3) a.  How many different types of output records are transmitted to other

systems? E:m

b. How many types of output records transmitted to other systems contain tags

wdentifying the type of data they contain?
¢.  Calculate b/a and enter score. [Ny

A-14
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. METRIC WORKSHEET 0 SYSTEM LEVEL .

3 CL.3(1) Has a common technical vocabulary with equivaler.t definitions been established .

for use with this system and for use with all interoperating systems (e.g., E

definition and use of data item, block, record)? Y ININTA) it

CP.I(1)  Arc all inputs, processing, and outputs clearly and precisely defined? FININTA] :

N .

-~ CP.1(2) a. How many data references are identified? CINA .

i “

* b. How many identified data references are documented with §'.

%, regard to source, meaning, and format? CINTA .

4, »

- r
[

3 c.  Calculate b/a and enter score. I8 E

x 4

£ CP.1(3}) a. How many data items are defined (i.e., documented with regard iy

- to source, meaning, and format? .

§ b.  How many data items are referenced? CINIA >

i ¢.  Calculate b/a and enter score. ;

a 3

CP.1(5)  Have all defined functions (i.e., documented with vegard to source, meaning :

and format) been referenced? m N

Cb.1(6) Have all system functions been allocated to configuration items ,-

(i.e., CSCI's, HVCI'S)? VTN N/A] .

4y . ‘l

A9 CP.I(7) Have all referenced functions been defined (i.e., documented with precise tnputs,

- processing, and output requirements)? [Y [N {N/A] .

ke

CP.1{8)  Are the processing flows (algorithms) and all decision points (conditions and c

alternate paths) in the flows described for all functions? Y TN IN/A] S

g

CP.I(11) a. How many software problem reports have been recorded, to "

date? - :

3

T

-

0-9 1

"

R
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METRIC WORKSHEET 0 SYSTEM LEVEL

b.  How many recorded software problem reports have been closed
(resolved), to date?

1 d g HE H @

c.  Calculate b/a and enter score.

CS.1(1) Is there a requirement to standardize all design representations (e.g., repre-
sentations for control flow, data flow)?

CS.1(2) Is there a requirement to standardize the calling sequence protocol between
software units?

CS.1(3) s there a requirement to standardize the external 1/O protocol and format for
all software units?

CS.1(4) s there a requirement to standardize error handling for all software unrits?

CS.A(5) Do ali references to the same function use a single, unique name?

cs.2(n Is there a requirement to standardize all data representation in the design? [YTNTN/A
CS.2(2) Is there a requirement to standardize the naming of all data? NIN/A

CS.2(3) Is there a requirement to standardize the definition and use of global variables?

g

CS.2(4) Are there requirements to establish consistency and concurrency of multiple
copies (e.g., copies at different nodes) of the same software or data base

version? YTNIN/A]
CS.2(5) Are there requirements to verify consistency and concurrency of multiple copies
{e.g., copies at ditferent nodes) of the same software or data base version? [YTNTN/A]
CS.2(6) Do all references to the same data use a single, unique name? [YTNTN/A]
DLI(1) Is a graphic portrayal {e.g., figures, diagrams, tables) provided which identifies
all software functions and functional interfaces? N/A
0-10
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DL1?)

DL1(3)

DI.L(4)

DL.L(5)

DL1(6)

DLIT)

DL.1(8)

DLI(9)

DO.1(1)

DO.2(1)

DO0.2(2)

METRIC WORKSHEET 0 SYSTEM LEVEL

Is a graphic portrayal provided which identifies all different tynes of system-
level information and the information flow within the system?

]
H
8

Are there requirements for the organization and distribution of information
within the system (e.g., information distributed across nodes or among storage

devices)? (YINTN/A
Are there requirements for file/library accessibility from each node? YT NIN/A
Are there requirements for providing alternate processing sources within the

system (e.g., multiple processors, alternate node)? YININ/A

Are there requirements to distribute all mission-critical functions over redun-
dant elements or nodes?

Are there requirements to distribute control functions across different nodes/
elements so as to ensure system operation under anomalous conditions?

Do the requirements allow for implementing functions across several physical

<] =

structures (i.e., function and physical structure are not necessarily the same)?

Are there requirements regarding the number of nodes that can be removed from
an operational system such that each remaining node still maintains its capability

to communicate with all otuer nodes? IYININ/A]
Are current versions of uil software documentation related to the project free

from access control (i.e., any member of the current project or other projects

may access a copy of any document)? NIN/A
Is all the documentation structured and written clearly and simply such that

procedures, functions, algorithms, etc. can be easily understood? IYTNTN/A

Does the requirements/design documentation clearly depict control and data flow
{e.g., graphic portrayal with accompanying explanations or PDL)?

:

A-17
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DO.2(4)

DO.2(5)

DQ.2(6)
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METRIC WORKSHEET 0

- Y n

Does all documentation contain an indexing scheme which facilitates quickly
locating and accessing various information in the document (e.g., hierarchical
structured table of contents, inserted tabs)? YININ/A
Do the software specifications and design documentation have separate

volumes or separations within a single volume based on system functions

Y[ NTN/A

or software functions?

Does the documentation completely characterize the operational capabilitizs of
the software (e.g., identify all the performance parameters and limitations)? YTNIN/A
Does the documentation contain comprehensive descriptions of all systeam/software

functions including functional processing, functional algarithms, and
functional interfaces?

YT N[ N/A

Have performance requirements and limitations for system communication

<
2

efficiency been specified for each system function?

Have performance requirements and limitations for processing efficiency been
specified for each system function (e.g., flow time for process, execution

time)?

<]
5

Is there a requirement to use an optimizing compiler or to code in assembly
language to optimize processing efficiency?

<]
2|
3

Is memory management of the system free from requirements for overlays?

Have performance requirements and limitations for storing data to efficiently
process it been specified for each system function?

Are there requirements to efficiently process stored information (e.g.,
rapidly update files, buffers, etc.)?

< (<] =<
ERE
2 2|
> 3

Does the source code language(s) enable variable initialization when the
variable is declared?

&
g

o
'
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METRIC WORKSHEET 0 SYSTEM LEVEL

ES.1(1) Have performance requirements and limitations for storing data to efficiently
utilize primary and secondary storage been specified for each system function
(e.g., data packing, dynamic memory management)? [YININ/A]

ES.1(2) Does the memory management of the system incorporate virtual storage? [YININ/A]

ES.1(5) Does the memory management of the system incorporate dynamic reallocation
of physical memory space during execution (dynamic memory management)? YININ/A]

ES.1(7) Is there a requirement to use an optimizing compiler or to code in assembly

language to optimize storage efficiency? [Y[NTN7A
ES.1(8)  Are there requirements to avoid redundant storage of files and libraries? YINTN/A
FO.1(1) a. How many functions in this system®

b.  How many system functions are duplicated in interoperating

systems?
c.  Calculate 1-(b/a) and enter score. [ In/A

FO.I{2) a. How many duplicated function sets exist between this system and
interoperating systems (i.e., the same function is performed in
this system and in an interoperating system)? (IN/A :

b.  In how many instances of the duplicated function sets will duplicated
functions be deleted (i.e., leaving the responsibility for performing

the function with one system)? I [N7A]

¢.  Calculate I-(b/a) and enter score. I8N

FO.I(3) a.  How many duplicated function sets exist between this system and inter- '
operating systems (i.e., the same function is performed in this system
and in an interoperating system)”? [ IN/A

PR N

b. How many of the duplicated function sets require synchronization of the ;

functions within the set?

Lt ')
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METRIC WORKSHEET 0

FO.1(4)

FS.2(1)

FS.2(2)

FS.2(3)

FS.2(4)

FS.2(5)

FS.2(6)

SYSTEM LEVEL

¢. Calculate 1-(b/a) and enter score.

!

a. How many duplicated function sets exist between this system and inter-
operating systems (i.e., the same function is performed in this system and
in an interoperating system)?

:
]

b. How many of the duplicated function sets require redundancy management
techniques/logic to enable system interoperability?

) &

g

c. Calculate 1-(b/a) and enter score.

Are there requirements to construct functions in such a way so as to facilitate
their use in other similar system applications?

'

a. How many system functions?

b. How many system functions are constructed in such a way so as to facilitate

their use in other similar system applications? [ IN/A
¢.  Calculate 14b/a) and enter score. | IN/A
Are all inputs documented as to the specific use and limitations of the data? [y TNTN/A]
Are alf input/output formats specified and documented? [Y [ NTN/A]

Are all outputs documented as to the specific use and interpretation of
the data

'

a. How many system functions?

b.  How many system functions will likely satisfy the requirements of other

simifar applications [ __[N/A

c.  Calculate 1-(b/a) and enter score. __TN/A

0-14

A-20

(e
. ‘..\
-

N w1
Dy st 4 b o o g, b



te

¥ = v
’ Sy

roEr

-

METRIC WORKSHEET 0 SYSTEM LEVEL ;
FS.A(1) Are there requirements to provide the user options for computation and output
(e.g., selection of type of coordinate system, output media, format)? [Y [NTN/A -

FS.3(2)  Are there requirements to enable modification of the resources allocated ‘
to functions (e.g., changing the amount of memory work space for a -~

function)? [NIN/A] <

FS.3(3) a.  How many functions are typically performed by a system for this »‘
application? "

b.  How many functions does this system perform? :

c.  Calculate b/a and enter score. (Note that if b/a is greater than
one, enter one.)

:
4

1D.1(2) Is there a requirement to use a standard subset of the implementation

Lo n 5 % o

by
I

-&" P Y
s e T
g e A
-

P

’

language(s)? NIN/A|
ID.1(3) Has a standard subset of the implementation language(s} been established ....
for coding? [YTNTN/A] :‘
ID.z(1) Are the same version and dialect of the implementation language(s) ‘
supported on other machines? “
iy
MO.I(1)  Are there requirements to develop ail software functions and software elements e
according to structured design techniques (e.g., top-down design)? N/A]
kS
t.i MO.1(2)  Are all software functions and CSCl's developed according to structured .
B design techniques? N/A é"
. s
;: MO.2(1)  Are there requirements regarding the relationships among software entities ;‘;
f{ (i.e., types of coupling allowed among software functions, CSCl's, CSC's and ,~
E units) (e.g., requirements to mimmize content, common and external coupling -
E: among software entities)? —
E .-:"
] i“'i
! _::
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METRIC WORKSHEET 0 SYSTEM LEVEL

MO0.2(4)

OP.1(1)

OP.1(2)

OP.1(3)

OP.1(4)

OP.1(5)

OP.1(6)

OP.1(8)

OP.1(10)

OP.1(11)

Are there requirements regarding the relationship between the elements within

a software entity (i.e., cohesion value for software functions, CSCl's, CSC's,

and units) (e.g., all software entities are required to reflect an average

cohesion value of 0.6 or greater)? [Y[NTN/A

Have the operating characteristics of the system been specified (i.e., the
normal and alternate procedures and actions performed by the system?

Y INTN/A
Are all the errors specified which are to be reported to the operator/

user? YINTN/A]
Ave the required operator/user responses specified for all reported

errors? Y] NN/AS

Are there requirements to provide the operator with the capability to
interrupt system operation, obtain operational status, save and enter data,
and continue processing? [YTNTN/A

a.  How many operations/responses are performed by the operator for a

typical mission/job? | L

b.  Calculate 1/(1+3) and enter score.

Are there requirements to specify the procedures for setting up a
mission/job and completing it? [YINTN/A

Are there requirements to maintain a hard copy log of all operator
interactions with the system? NIN/A

Are there requirements to provide simple and consistent operator messages
and require simple and consistent operator responses (i.e., minimize the

number of operator message and response formats; use the same format types

throughout the system)? [YINTN/A
Are there requirements to report all access violations to the operator? N-/E
0-1¢
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OP.1(12)

OP.1(13)

OP.1(14)

OP.1(15)

OP.1(16)

oP.2(1)

OoP.2(4)

OP.2(5)

OP.2(6)

0P.3(1)

METRIC WORKSHEET 0

SYSTEM LEVEL

Are there requirements specifying the appropriate response(s) (by the

operator, the system/software, or both) for all access violations? Y [N IN/A

Are there requirements to provide the operator/system the capability to obtain

specific system (or network) resource status information and to reallocate

resources? [Y IN {NJA]

Are there requirements to provide the operator/user the capability to select

different nodes for different types of processing or for retrieval of

information? Y I [N/A]

Are there requirements to provide the operator/user the capability to manipu-

late data regardless of the data's location in the system? Y [N [N/A]

Are there requirements to make system implementation details transparent to the

user (e.g., the user can access a file without knowing its location in the

system/network)? [Y [N [N/A]

a.  What is the total number of different user input parameters?

b.  How many input parameters have default values? CInA

¢.  Calculate b/a and enter score. (CIN/A

Are there requirements to enable the user to review and modify all input data

prior to execution? Y [N [N/A

Are there requirements to terminate all user-input data by explicitly defined

logical end of input? Y [MIN/A

Are there requirements to provide the user options for input media {(e.g.,

terminal, tape drive, card reader)? Y TNTN/A]

Are there requirements to provide the user with output control {e.g.,

choosing specific outputs, output media, output formats, amount of output?
0-17
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in METRIC WORKSHEET 0 SYSTEM LEVEL
b
TN OP.3(2) Is there a requirement for all outputs to the user to have unique,
- descriptive labels for identifying data? [YTNTN/A
~
:: OP.3(3)  Is there a requirement to provide all outputs to the user in user-
“::‘-. oriented measurement units? (Y [ NTN/A
' R OP.3(6)  Are there requirements for all error messages to clearly identify the
> nature of the error to the user? YTNIN/A

OP.3(7)  Are there requirements to provide the user with options for output

media? ¥ININA

OP.3(8) Are there requirements to establish a standard (commion) user command
language for network information and data access? YINTH

RE.{(1) Are there requirements to ensure communication paths to all ramaining
nodes/communication links in the event of 2 failure of cne node/link? YINTN/A

RE.1I(2)  Are thare requirements for maintaining the integrity cr all data values
following the occurrence of anomalous conditions? VN[ N/A]

RE.1(3) Are there requirements to enable ail disconnected nodes to rejoin the
network after recovery, such that the processing functisas of the system

are not interrupted? YTN]N/A

RE.1(4) Are ther2 requirements to replicate all critical data in the system a?
two or more distinct nodes? FININA

SD.2(1)  Has the specific standard been established that each unit prologue contain
the unit's functio, author, version number, version darz, inputs, outputs,

algorithms, ass wnptions and limitatiors. YININ/A

SDL2(?) Has a standacd been established for the identification and placement of

comments in the unit? YIRTA

SD.3(5) Has a standard format for the structure of units been established? YININ/A
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METRIC WORKSHEET 0 SYSTEM LEVEL

SLI(1) Are there diagrams identifying all functions in a structured fashion (e.g.,

top-down hierarchical)? NIN
SL1(8) Are there requirements for a programming standard? [y INTN/A]
SL1(9) Has a programming standard been established? [y [NJN/A]
SL.2(1) Are there requirements to use a structured language or preprocessor to

implement the software? [y i NTN/A]
SL4(13)  Are there requiremeats for a programming standard? [Y N [N7A]

55.141) Are there requirements to contro! user input/output access in the system

{e.g., user access is limited by identification and password checking)? Y [N [N/A]
$5.1(2)  Are there requirements to control data access in the system? YININTA
55.1(3) Are there requirements to control the scope of task operations during

executicn (e.g., tasks cannot invoke other tasks, access system registers,

or use privileged commands)? Y [ N|N/A
SS.1(4) Are there requirements tn control access to the network?
SS.2(1) Are there requirements to record and report all access to the system (e.g.,

record terminal and processor linkage, data file access, and jobs run

information)?

35.2(2) Are there requirements to immediately indicate and identify all access

ININ/A
violations?

ST.3(1) Are there requirements to isolate I/O functions from computational

functions?

- ST.3(2) Are 1/O functions isolated from computational functions? YINTN/A
¢
o 0-19
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METRIC WORKSHEET 0

SY.I(1)

SY.1(2)

SY.1(3)

SY.1(4)

Sy.2(1)

SY.2(2)

SY.2(3)

SY.3(1)

SY.3(2)

SY.3(3)

SY.3(4)

SYSTEM LEVEL

Are there requirements for the 1/O transmission rates of this system

<]
>}

to be the same as the intevoperating system(s)?

Are'there requirements for this system to use the same communication

]
Z|
5

protocol as the interoperating system(s)?

Are there requirements for common interpretation of the content in all
messages sent from and received by this system and by the interoperating

<]
]

system(s) {e.g., all variables in the message have the same meaning)?

Are there requirements for this system to use the same structure and
sequence for message contents as the interoperating system(s) (e.g., all
real variables are 1§ bits in length; all real coordinates are ordered
XCOORD, YCOORD, ZCOORD)?

Are there requirements for this system to use the same data format as the

interoperating systemf(s) {e.g., all characters are represented in ASCII

Are there requirements for this system to establish the same data base
structure as the interoperating system(s) (e.g., all systems use a relational
data base containing similar information)?

Are there requirements for this system to provide the same data base
access techniques as the interoperating system(s)?

Are there requirements for this system to use the same word length as

~

the interoperating system(s)?

Does this system use the same word length as the interoperating system(s)?

Are there requirements for this system to use the same interrupt structure

as the interoperating system(s)?

Does this system use the same interrupt structure as the interoperating

E
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METRIC WORKSHEET 0

SY.3(5)

SY.3(6)

SY.4(1)

SY.4(2)

SY.4(3)

uY.5(1)

TN.I(1)

TN.U2)

TN.1(3)

TN.1(®%)

VR.I(1)

Are there requirements for ihis system to use the same instruction set as

the interoperating system(s)?

»

Does this system use the same instruction set as the interoperating

system(s)?

Are there requirements tor this system to use the same source code

language(s) as the intercyerating system(s)?

Are there requirements for this system to use the same operating system

as the interoperating systamf(s)?

Are there requirements for this system to use the same <upport software

as the interoperating system(s)?

Is documentation available from the interoperating system(s) that enables

interoperability requirements to be established for this system {e.g.,
documentation is up-to-date, complete, and clearly organized)?

Are there requirements to provide lesson plans and training materials for

operators, and users, and maintainers of the system?

Are there requirements to provide realistic simulation exercises for

the system?

Are there requirements, to provide "help" information and diagnostic infor-

mation for the operater, end user, and maintainer of the system (e.g.,

provide an on-line list of legal commands or a list of the sequential steps

in a process)?

Are there requirements to provide selectable levels of aid and guidance for

system users of different degrees of expertise?

Are there requirements to make system implementation detatls transparent
to the user (e.g., the user can create a file without specifying its location

in the system/network)?
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METRIC WORKSHEET 0 SYSTEM LEVEL

GLOSSARY

Anomalous Condition: An event resulting in a deviation from the normal operating

environment or procedures.

Cohesion Yalue: The type of relationship that exists among the elements of each software
entity (Function, CSCI, Unit). The following are relative values for seven types of
cohesion:

7
6)
5)
4)
3)
2)
1)

COHESION TYPE  VALUE

Functional 1.0
Informational 0.7
Communicational 0.5

Procedural 0.3
Classical 0.1
Logical 0.1
Coincidental 0.0

The following are descriptions of the seven types of cohension.

1)

2)

3)

4)

5)

Coincidental

- No meaningful relationships among the elements of an entity.

. Difficult to describe the module's function(s).

Logical

. Entity performs {at each invocation) one of a class of related functions (c.g.,
“edit all data").

. Entity performs more than one function.

Classical
Entity parforms cne of o class of functions that are related in time (Program
procedure).

. Entity performs more than one function.

Procedural

. Entity performs more than one function, where the functions are related with
respect to the procedure of the problem (Problem procedure).

Communicational

. Entity has procedural strength; in addition, all of the elements "communicate"

0-22
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Glossary (Continued)

with one another (e.g., reference same data or pass data among themselves).
. All functions use the same data.
6) Informational

. Entity performs multiple functions where the functions {entry points in the
module) deal with a single data structure.

. Physical packaging together of two cor more entities having functional
strength.

. All functions use the same data.

7)  Functional
. All entity elements are related to the performance of a single function.

Command Language: The set of instructions used to invoke specific operations in a
computer software subsystem/program.

Communication Channel: The pathways along which data/messages are communicated to

the various system components or nodes (i.e., other computer, data storage units,
special processors, etc.).

Coupling: The type of relationship that exists between two software entities (Functions,
CSClIs, Units). In achieving a highly modular dssign it is essential to
minimize the relationships among software entities. The goal is to design software
entities with low coupling. The scae of coupling from worst to best is: (1) Content
Coupling, 2) Common Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp
Coupling, and 6) Data Coupling.

1) Content Coupling - One software entity references the contents of another software
entity.

2)  Common Coupling - Software entities reference a shared global data structure.

3) External Coupling - Software entities reference the same externally declared
symbol.

0-23
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METRIC WORKSHEET 0 SYSTEM LEVEL

Glossary (Continued)

4)  Control Coupling - One software entity passes control elements as arguments to

another software entity.

5)  Stamp Coupling - Two software entities reference the same data structure, which is
not global.

6) Data Coupling - One softwvare entity calls another and the software entities are not
coupled as defined above (in 1 through 5).

Data Element: A specific entity of data (e.g., variabie, constant, coefficient, etc.).

Data Format: The positioning, packing or organization of the order that the data appears

in.
Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Record: A structured grouping of related data elements for the purpose of storage
or ransmission.

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design
using one of a number of design representation methodologies, such as, Flow Charts,

HifPO Charts, FDL, etc.

Frror Analysis: A study to determine the minimum acceptable level of performance and
precision, allocates the accuracy requirements for the individual functions to be

performed by the system.

1/O Ctannel: The pathways aleng which data/messages are communicated to the various

user-oriented peripherals in the system (e.g., CRT, Printer).

0-24
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METRIC WORKSHEET 0 SYSTEM LEVEL

Glossary (Continued)

Microcode Instruction: A low-level computer instruction specifying a single machine

operation.

Mission-Critical Function: A feature essential to fulfilling the desired objectives
of the system.

Multiple Transfer Index Parameters: A value used to select a variation in the
order of code execution (i.e., case statement, program switch, etc.).

Network: A system of computers, terminals, and data bases that are linked/

interconnected with the use of communication lines.

Node: The points at which subsidiary parts originate or connect to a system containing
interconnected sysiem parts or devices.

Range-Test: A test performed to validate the object of interest over the complete
spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects
(i.e., table index, array index, etc.).

Synchronization: The process of ensuring that two or more compoaents of a system are
ready and capable of communicating with one another.

Virtual Storage: The stcrage space that may be regarded as addressable main storage by
the user of a computer system in which virtual addressas are mapped into real
addresses. The size of virtual storage is limited by the addressing scheme of the
computer system and by the amount of auxiliary storage available, and not by the
actual number Jf main storage locations.
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METRIC WORKSHEET 1 CSCI LEVEL

WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

Enter the name and contract number of the project.

Enter the date the worksheet is prepared (month, day, year).

Enter the name of the person responsible for completing the worksheet.

Enter the name of the entity to which the worksheet is applied.

Enter the number and name of all documentation which is used as source
material for answering the n:etric questions in Section B.

Enter comments reflecting the inspector's observations on product quality and
any additional information regarding specific metric questions. Attach
additional sheets, 25 necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,
N = no, N/A = not applicable) or by entering the appropriate value. A glossary of
terms is provided at the end of this section.

1-1
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SECTION A - GENERAL INFORMATION

l.  PROIJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5 SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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METRIC WORKSHEET 1 CSCI LEVEL
SECTION B - METRIC QUEZSTIONS

AC.1{3)  Are there quantitative accuracy requirements for all applicable inputs associated

]
2]
8

with each applicable function (e.g., mission<ritical function)?

AC.1(4) Are there quantitative accuracy requirements for all applicable outputs associated

]
B
2

with each applicable function (e.g., mission-critical function)?

AC.1(5)  Are there quantitative accuracy requirements for all applicable constants associated

[<]
5
iz

with each applicable function (e.g., mission-critical function)?

AC.1(6) Do the existing math library routines which are planned for use provide enough

=
2|
2

precision to support accuracy objectives?
AM.H(1)  a.  How many instances are there of different processes (or functions, sub-
functions) which are required to be executed at the same time (i.e.,

concurrent processing)?

b. How many instances of concurrent processing are required to be

centrally controlled? Cm

c. Calculate b/a and enter score.

:
4

AM.M2) a.  How many error conditions are required to be recognized

(identified)? ___IN/A
b.  How many recognized error conditions require recovery or repair? | IN/A

¢c.  Calculate b/a and enter score.

:

AM.1{(3)  [s there a standard for handling recognized errors such that all error conditions
are passed to the calling function or software element? IY[N]N/A

o
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METRIC WORKSHEET 1

AM.1(%)

AM.2(1)

AM.3(1)

AM.3(2)

AM.3(3)

AM.3(4)

AM.4(1)

AM.5(1)

AM.6(1)

AM.7(1)

CSCI LEVEL

a.  How many instances of the same process (or function, subiunction)

being required to execute more than once for comparison purposes

(e.g., polling of parallel or redundant processing results)? T NA
b. How many instances of parallel/redundant processing are re-

quired to be centrally ontrolled? [ IN/A
¢.  Calculate b/a and enter score. [IN/A
Are error tolerances specified for all applicable external input data (e.g., range
of numerical values, legal combinations of alphanumerical values)? FININ/A
Are there requirements for recovery from all computational failures? [y [N [N/A]

Are there requirements to range test all critical {e.g., supporting a mission-
critical function) loop and multiple transfer index parameters before

use? m

Are there requirements to range test all critical (e.g., supporting a mission-
critical function) subscript values before use? [Y [N [N/Al

Are there requirements to check all critical output data (e.g., data
supporting a mission critical system function) before final outputting? Y ININ/AI

Are there requirements for recovery from all detected hardware faults (e.g.,

arithmetic faults, power failure, clock interrupt)? [y TN TN/ A]
Are there requirements for recovery from all [/O device errors? NN/

Are there requirements for recovery from all communication transmission

errors? Y INTN/A]

Are there requirements for recovery from all failures to communicate with other

nodes or other systems? Y [NTN/A]
A-35
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METRIC WORKSHEET 1 CSCILEVEL

AM.7(2)  Are there requirements to periodically check all adjacent nodes or intercperat-

:
4
5

ing systems for operational status?

[~
g
z
B

AM.7(3)  Are there requirements to provide a strategy for alterna.e routing of messages?

AP.I(1)  Is there a requirement to limit specific references to the data base management
scheme (e.g., ail data calls for data base information are processed through an

A
H
3

executive)?

AP.2(2) s there a standard for commenting all global data within a software unit to

show where data is derived, the data's composition, and how the data is used? [Y [NTN/A]
AP.2(4)  Is there a standard for commenting all parameter input and output and local

variables within a software unit which includes requirements for

identifying the data's composition and use? [YINTN/A

AP.3(1) Is there a requirement to localize specific references to computer architecture
(e.g., specific device references localized to the executive rather than the
application software)?

AP.4(1)  Is there a requirement to avoid or to limit the use of microcode instruction
statements?

AP.5(1) a. How many functions?
b. How many functions are not unique to this application (e.g.,
can be used in a similar application with, at most, minimum

tailoring)?

C. Calculate b/a and enter score.

1

]
=

AT.1(2) Are there requirements for spare memory storage capacity?

AT.I(3)  Are there requirements for spare auxiliary storage capacity?

E
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METRIC WORKSHEET I CSCI LEVEL
AT.2(3)  Are there requirements for spare processing capacity (time)? Y ININ/A]
AT.3(1)  Are there requirements for spare I/O channel capacity (time)? Y [N]N/A ‘
AT.3(2)  Are there requirements for spare communication channel capacity (time)? Y ININ/A] ,
1
AT.4(1)  Are there requirements for interface compatibility among all the processors,
communication links, memory devices, and peripherals? N/A '
E
AT.4(2)  Is documentation available which describes the results of any previous engineering i
studies such as tradeoff studies, feasibility studies, risk analyses, and require- '
ments definitions? ININ/A] \
i
1
AT.4(3)  Is documentation available which describes new or emerging software-related dis-
ciplines which may affect the scope of the software requirements or the software
implementation techniques (e.g., voice recognition using artificial intelligence
techniques)? N IN/A
14
AU.I(1)  Are all processes and functions partitioned to be logically complete and self- '
i
contained so as to minimize interface complexity? Y TN [N/A *
AU.2(1)  Does each operational CPU/system have a separate power source? [Y [NTN/A )
S
AU.2(2)  Are there requirements for the executive software to perform testing of its |
own operation and of the communication links, memory devices, and peripheral .
i
devices? Y ININ/A] é
i
CL.J(1) Are there requirements for communication with other systems? [y ININ/A B
CL.1{(2) Is there a requirement for a protocol standard to control all network E
communication? Em
CL.1{3) Is network processing control part of the network protocol standard? :
CL.1{#)  Is user session control part of the network protocol srandard? ‘
1-6
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CL.1(5)

CL.1(6)

CL.U(7)

CL.I(8)

CL.1(9)

CL.1(10)

CL.I(11)

CL.1(12)

CL.1(13)

METRIC WORKSHEET 1 CSCI LEVEL

Is communication routing part of the network protocol standard?

Is uniform message handling {e.g., synchronization, message decoding) part of the

network protocol standard? M INTN7A]
a. How many functions receive inpats from other systems? [::m
b. Calculate 1/a and enter score. (_—___lm
a.  How many functions transmit outputs to other systems? [ IN/A
b. Calculate 1/a and enter score. [__TN7A]

a. How many other systems must respond correctly to successfully

complete synchronization? (CNA
b.  Calculate 1/a and enter score. [ IN/A|

Does the time to perform successful synchronization impose constraints upon sys-
tem computation or response time (e.g., result in user wait time of more than
several seconds)? Y INTN/A]

Is the CSCI free from time.critical constraints with respect to external
communication (e.g., data freshness)? Y ININ/A|

a.  How rmany other systems is this CSCI required to interface

with?
b.  Calculate 1/a and enter score. I—__@E]

Is there a general description of how the computer system appears to the users
and how the users interact with the computer system (e.g., operational concept
document)? N/A|

1-7
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METRIC WORKSHEET | CSCILEVEL

CL.1{14) s there a complete and definitive set of operating procedures for using this

E
l
=
>

system?
CL.2(1y Has a standard been established for common representations of data and/or for

translations betweer representations of data for uniform communication with

other systems?

CL.2(2) a. How many functions perforin data translations?

b. Calculate 1/a and enter score.

L

CL.2(3) Is there a requirement to receive all input data from other systems in common

formats (e.g., common formats for data positioning, data packing, block trans-
mission)? Y TN IN/A

CL.2(4) a. How many different formats are used for input data from other systems
(e.g., formats (or data positioning, data packing, block

transmissior.)? Ejm
b.  Calculate 1/(l+a) and enter score.

CL.2(5) Is there a requirement to output ali data to other systems in common formats
(e.g., common formats for data positioning, data packing, block transmission)? Y TN [N/A|

CL.2(6) a.  How many different formats are used for output data to other systems
(e.g., formats for data positioning, data
packing, block transmission)?

|

2727

b.  Calculate 1/(1+a) and enter scora. N/

e

" Vet

X,

CL.2(7) a. How many different types of input records are received from other

systems? [ TN/A
1"‘

b

:.’ b. How many types of input records received from other systems contain tags

" identifying the type of data they contain? [ IN/A

A-39
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METRIC WORKSHEET 1 CSCI LEVEL
c. Calculate bfa and enter score.

CL.2(8) a. How many different types of output records are transmitted to other

|

systems?

b. How many types of output record transmitted to other systems contain tags
identifying the type of data they contain? )
]

c.  Calculate b/a and enter score.

CL.3(1)  ias a common technical vocabulary with equivalent definitions been established for
use with this systera and for use with all interoperating systems (e.g., definition

and use of data item, block, record)? Y [N [N/A
CP.I(1)  Are all inputs, processing, and outputs clearly and precisely defined? Y NIN/A
CP.1(2) a. How many data references are identified? [ InN/A
b, How many identified data references are documented with
regard to source, meaning, and format? R
¢.  Calculate b/a and enter score.
CP.1(3) a. How many data items are defined (i.e., documented with regard
to source, meaning, and format)? (—IN/A
b.  How many defined data items are referenced? CINA
&.  Calculate b/a and enter score. { L N/A
}: CP.1(5) Have all defined functions (i.e., documented with regard to source, meaning,
- and format) been referenced? Y] NTN/A
<
s CP.1(6) Have all system furrtions allocated to this CSCI been allocated to software
¥ ) functions within th.. CSCI? Y] NTN/A
9 io
ol
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METRIC WORKSHEET 1 CSCI LEVEL

CP.1(7)

CP.1(8)

CP.I(11)

CS.H(b)

CS.1(2)

CS.1(3)

CS. (%)

CS.1(5)

Cs.2(1)

CS.2(2)

CS.2(3)

Have all referenced functions been defined (i.e., documented with precise inputs,
processing, and output requirements)?

%

Are the processing flows (algorithms) and all decision points (conditions and
alternate paths) in the flows described for all functions? Y INT

g
>

a.  How many software problem reports have been recorded, to
date”

:

b.  How mauy recorded software problem reports have been closed
(resolved), to date?

:

c. Calculate b/a and enter score.

Have specific standards been established for design representations (e.g., HIPO

-

charts, progtam design language, flow charts, data flow diagrams)?

Have specific standards been established for calling sequence protocol between
software units?

<]
2
3
>

Have specific standards been established for external I/O protocol and format
for all software units?

=
>

Have specific standards been established for error handling for all software

units? [Y 1IN N/A]
Do all referencus to the same CSCI function use a single, unique name? [Y IN [N/A]

Have specific standards been estabiished for all data representation in the

design? [ IN[N/A]
Have specific standards been established for the naming of all data? fy INN/A]
Have specific standards been established for the definition and use of all giobaj
variables? Y [N N/A
1-10
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CS.2(%)

CS.2(5)

CS.2(6)

DLI(1)

DLI(2)

DI1.1(3)

DIL.1(%)

DI.1(6)

DL.I(7)

DI.1(8)

DLL(9)

METRIC WORKSHEET 1 CSCI LEVEL

Are there procedures for establishing consistency and concurrency of multiple
copies {e.g., copies at different nodes) of the same software or data base

version?

Are there procedures for verifying consistency and concurrency of multiple copies
(e.8., copies at different nodes) of the same software or data base version? N/A

Do all references to the same data use a single, unique name?

Is a graphic portrayal (e.g., figurss, diagrams, tables) provided which identifies

<] < [ <]
SR 4

all software functions and functional interfaces?

Is a graphic portrayal provided which identifies all different types of CSCI-

<]
z
8

level information and the informaztion flow within the CSCI?

Are there requirements for the organization ard distribution of information
within the CSCI (e.g., information distributed across nodes or among storage
devices)?

Are there requirements for file/library accessibility from each node?

Are there requirements to distribute all mission-critical functions over redun-

:

dant elements or nodes?

Are there requirements to distribute contro] functions across different nodes/
elements so as to ensure system operation under anomalous conditions? [/ ININ/A

Oo the requiremer:s allow for implementing functions across several physical struc-
tures (i.e., function and physical structure are not necessarily the same)? FININ7A]

Are there requirements regarding the number of nodes that can be removed from an
operational system such that each remaining node still maintains its capability to
communicate with all other remaining nodes? [YINTN/A]

1-11
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METRIC WORKSHEET )

DO.I(1)

Do.2(1)

DO.2(2)

D0.2(3)

DC.2(%)

DO.2(5)

DO.2(6)

EC.1(1)

EP.I(1)

EP.1(3)

Are current versions of all software documentation related to the project free
from access control (i.e., any member of the current project or other projects
may access a copy of any document)?

Is all the documentation structured and written clearly and simply such that
procedures, functions, algorithms, etc. can be easily understood?

Does the requirements/design documentation clearly depict control and data flow
(e.g., graphic portrayed with accompanying explanations or PDL)?

Does all documentation contain an indexing scheme which facilitates quickly
locating and accessing various information in the document (e.g., hierarchical
structured table of contents, inserted tabs)?

)
H
g

Do the software specifications and design documentation have separate
volurmes or separations within a single volume based on system functions
or software functions?

<]
:
g

Does the documentation completely characterize the operational capabilities of

=]
z|
3

the software {e.g., identify all the performance parameters and limitations?

Does the documentation contain comprehensive descriptions of all system/software
functions including functional processing, functional algorithms, and
functional interfaces?

Have performance requirements and limitations for system communication
efficiency been specified for each CSCI function?

| 6

Have performance reauirements and limitations for processing efficiency been
specified for each CSCI function (e.g., flow time for process, execution
time)?

Is there a requirement to use an optimizing compiler or to code in assembly
language to optimize processing efficiency?

&
B
5

—
L

CSCI LEVEL

Y INTN/A
YININ/A
YININA
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EP.1(5)

EP.2(1)

EP.2(2)

£P.2(3)

ES.I(1)

ES.1(2)

ES.1(5)

ES.1(7)

£5.1(8)

FO.1(1)

FO.1(2)

DR PRSI AR N ISP SRR g

METRIC WORKSHEET 1

Is memory management of the CSCI free from requirements for overlays?

Have performance requirements and limitations for storing data to efficiently
process it been specified for each CSCI function?

Are there requirements to efficiently precess stored information {e.g.,
rapidly update files, buffers, etc.)?

Does the source code language(s) enable variable initialization when the
variable is declared?

Have performance requirements and limitations for storing data to efficiently
utilize primary and secondary storage been specified for each CSCI function
(e.g., data packing, dynamic memory management)?

Does the memory management of the CSCI incorporate virtual storage?

Dees the memory management of the CSCI incorporate dynamic. reallocation
of physical memory space during execution (dynamic memory management)?

Is there a requirement to use an optimiz:ng compiler or to code in assembly
language to optimize storage efficiency?

Are there requirements to avoid redundant storage of files and libraries?
a.  How many functions in this CSCI?

b.  How many CSCI functions are duplicated in interoperating

systems?
c.  Calculate 1-(b/a) and enter score.
3. How many duplicated function sets exist between this CSCI and

interoperating CSCI's (i.e., the same function is performed in
this CSCI and in an interoperating CSCI?

A-44
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METRIC WORKSHEET 1 CSCI LEVEL

b.  In how many instances of the juplicated fun~tion sets will duplicated
functions be deleted (i.e., leaving the responsibility for performing
the function with one system\? f IN/A

c.  Calculate 14{b/a) and enter score. [ IN/A

FO.1(3) a. How many duplicated function sets 2xist between this CSCI and inter-
operating CSCI's (i.e., the sa:ne function is performed in this CSCI
and in an interoperating CS71)? i IN/A

b.  How many of the duplicated function sets require synchronization of the

functions within the set? [ In/A

c.  Calculate 1{b/a) and enter score. L InN7A

FO.L1(4) a.  How many duplicated function sets exist between this CSCI and inter~
operating CSCUI's (i.2.. the same function is performed in this CSCI and

in an interoperating CSCI)? N4
b.  How many of the duplicated function sets require redundancy management
techniques/logic to enable system interoperability? [ 1NA
¢.  Calculate 1-(b/a) and enter score. [ [N/A
F5.2(1) Are there requirements to construct functions in such a way so as to facilitate
their use in other similar CSCI applications? YT IN/A
FS.2(2) a.  How many CSCI functions? C—IN/A

b. How many CSCI functions are constructed in such a way 3o as to facilitate

J
. their use in other similar CSCI applications? [ IN/A
5 ¢c.  Calculate t-(b/a) and enter score.
3
;.v
R e o
3 FS.2(3)  Are ali inputs documented as to the specific use and Limitations of the data?
i
h’}‘.
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METRIC WORKSHEET 1 CSCI LEVEL
FS.2(4) Are all input/output formats specified and documented? Y TNTN/A]

FS.2(5) Are all outputs documented as to the specific use and interpretation of

the data? [Y INTN/A

FS.2(6) a. How many, CSCI functions?

b.  How many CSCI functions will likely satisfy the requirements of other

similar applications?
¢c.  Calculate 1-(b/a) and enter score. [ [~N7A

FS.3(1) Are there requirements to provide the user options for computation and output
(e.g., selection of type of coordinate system, output media, format)? [Y INTN/A]

FS.3(2) Are there requirements to enable modification of the resources allocated
to functions (e.g., changing the ameunt of memory work space for a

function)? [YNTN/A]

FS.3(3) a. How many functions are typically performed by a CSCI for this
application?

b.  How many functions does this CSCI perform?

c.  Calculate b/a and enter score. (Note that if b/a is greater than

[ InA

(V|
one, enter one.) In/A
G INT/A

ID.1(2) Is there a requirement to use a standard subset of the implementation
language(s)? Y ININ/

.

l::

ID.1(3) Has a standard subset of the implementation language(s) been established

-

3

for coding? Y N

T,

~ -

ID.2(1) Are the same version and dialect of the implementation language(s)
supported on other machines? [YNTN/A
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METRIC WORKSHEET 1 CSCI LEVEL

MO.I(1)  Ace there requirements to develop all software functions and software elements
according to structured design techniques (e.g., top-down design)? YTNTN/A

MO.1(2)  Are all software functions 2and CSCI's developed according to structured
design techniques? NJA

MO.2(1)  Are there requirements regarding the relationships among software entities
(i.e., types of coupling allowed among software functions, CSClI's, CSC's and
units) (e.g., requirements to minimize content, common and external coupling
among software entities)?

M0.2(2) a. How many interfaces among software functions?

b. How many software functional interfaces include:
bl Content coupling

b2 Common coupling
b3 External coupling
c.  Calculate 1 - ((bl+b2+b3)/(3xa)) and enter score.
M0.2(3) a. How many interfaces among software functions?

b. How many software functional interfaces include:
bl Control coupling

b2 Stamp coupling

120 Hplld &g

b b3 Data coupling
3,
im
?- ¢, Calculate 1 - {{(bl+b2)/(2xa)+b3/a) and enter score. [ IN/A
-
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METRIC WORKSHEET |

MO.2(4)

MQ.2(5)

OP.1(1)

OP.1(2)

0P.1(3)

OP.1(4)

OP.1(5)

Are there requirements regarding the relationship between the elements within
a software entity (i.e., cohesion value for software functions, CSCl's, CSC's,

and units) (e.g., all software entities are required to reflect an average
cohesion value of 0.6 or greater)?

What is the average cohesion vaiue of all software functions in this
cscr1?

List each software function and its cohesion value below:

SOFTWARE FUNCTION COHESION VALUE

Have the operating characteristics of the CSCI been specified (i.e., the
normal and alternate procedures and actions performed by the CSCI?

Are all the errors specified which are to be reported to the operator/
user?

Are the required operator/user responses specified for all reported
errors?

Are there requirements to provide the operator with the capability to
interrupt system operation, obtain operational status, save and enter data,

and continue processing?

a. How many operations/responses are performed by the operator for a
typical mission/job?

b.  Calculate 1/(1+3a) and enter score.

A-48

a
B LR ORLEE PN

CSCI LEVEL

YTNTN/A

:

2
g

iYIN

S R
e RN AN
. RN et
IO PN A R A
- - PRt " e

A G -
2 P U gy ot WYy PR g e o




METRIC WORKSHEET 1 CSCI LEVEL

OP.1(6)

OP.1(8)

OP.1(10)

OP.K(11)

OP.1(12)

OP.1{13)

OP.1(14)

OP.1(15)

OP.1(16)

OP.2(1)

Are there requirements to specify the procedures for setting up a

mission/job and completing it? [YINTN/A
Are there requirements to maintain a hard copy log of all operator
interactions with the CSCI? [YTNIN/A

Are there requirements to provide simple and consistent operator messages
and require simple and consistent operator responses (i.e., minimize the
number of operator message and response formats; use the same format types
throughout \he CSCI)?

<] [
HH
4

Are there requirements to report all access violations to the operator?

Are there requirements specifying the appropriate response(s) (by the

2
g

operator, the system/software, or both) for all access violations?

Are there requirements to provide the operator/software the capability to obtain
specific system (or network) resource status information and to reallocate
resources?

g

Are there requirements to provide the operator/user the capability to select
different nodes for different types of processing or for retrieval of

information?

&
/
2

Are there requirements to provide the cperator/user the capability to manipu-
late data regardless of the data's location in the system?

=]
2|
g

Are there requirements to make system implementation details transparent to the
user {e.g., the user can access a file without knowing its location in the
system/network)?

a. What is the total number of different usar input parameters?

/0

b.  How many input parameters have default values?

A-49
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METRIC WORKSHEET | CSCILEVEL ‘:;
¢.  Caludlate b/a and enter score. 18R %

o

oP.2(2) a. How many different input formats must the user be familiar v
with? o

b.  Calculate 1/a and enter score. [ 18R <

0OP.2(3) a.  What is the total number of different user input parameters? [ IN/A .
"

b. How many user input parameters enable the user to provide a E«"
description along with the values (e.g., user inputs: 3

"targets = 2")? [ TN/A ~

w

N

o3

¢c.  Calculate b/a and enter score.

~riys.

@

0P.2(4) Are there requirements to enable the user to review and modify all input data

<]
Z|
Z z
S

prior to execution?

OP.2(5) Are there requirements to terminate all user-input data by explicitly defined -

<]
=
z
>

logical end of input?

43

OP.2(6)  Are there requirements to provide the user options for input media (e.g.,

terminal, tape drive, card reader)?

OP.3(1)  Are there requirements to provide the user with output control (e.g.,
chcosing specific outputs, output media, output formats, amount of

<]
H

output)?

0P.3(2) Is there a requirement for all outputs to the user to have unique,

!
b
t
s

ST TN WY ST X BB RAY TLEYa T T T, T

descriptive labels for identifying data? Y{N|N/
0P.3(3) [s there a requirement to provide all outputs to the user in user-
oriented measuremeant units? [YTNTN/A]
,
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METRIC WORKSHEET 1 CSCI LEVEL

OP.3(4)

OP.3(5)

OP.3(6)

0OP.3(7)

0oP.3(8)

RE.I(1)

RE.1(2)

RE.1(3)

RE.1(#)

SD.2(1)

a. How many different formats are output to the user

&= <] 2|
g B

(e.g., CRT display arrangements, printer outputs)?
b.  Calculate 1/a and enter score.

Are all user outputs separated into logical groups to facilitate

user examination?

Are there requirements for all error messages to clearly identify the
nature of the error to the user?

Are there requirements to provide the user with cptions for output

media? [YIN [N/A]
Are there requirements to establish a standard (common) user command
language for network information and data access? Y [N [N/A]

Are there requirements to ensure communication paths to all remaining
nodes/communication links in the event of a failure of one node/link?

Are there requirements for maintaining the integrity of all data values

R B
E H
g B

following the occurrence of anomalous conditions?

Are there requirements to enable all disconnec.ted nodes to rejoin the
network after recovery, such that the processing functions of the system
are not interrupted?

Are there requirements to replicate all critical data in the CSCI at

two or more distinct nodes? Y| NTN/A]

Has the specific standard been established that each unit prologue contain

the unit's function, author, version number, version date, inputs, outputs,

assumptions and limitations. L—Y
1-20
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METRIC WORKSHEET |

SD.2(2) Has a standard been established for the identification and placement of
comments in the unit?

SD.3(5) Has a standard format for the structure of units been established? A

SLI(D) Are there diagrams identifying all {functions in a structured fashion {(e.g.,
top-down hierarchical)?

[ K R [ Q
2] E 2] o
2 |z ZE 5
SENS SENS <

&

SLI(8) Are there requirements for a programming standard?
SL1(9) Has a programming standard been established? YINTN/A
St.2(1) Are there requirements to use a structured language or prepbrocessor to

implement the software? (Y] NIN/A
SL4(13) Are there requirements for a programming standard? (Y] NTN/A

SS.1(1) Are there requirements to control user input/output aczess in the CSCI
(e.g., user access is limited by identification and password checking)?

<l 5]
%g

SS.1(2) Are there requirements to control data access in the CSCI?

SS.1(3) Are there requirements to control the scope of task operations during
execution (e.g., tasks cannot invoke other tasks, access system registers,
or use privileged commands)?

<l <]
-

SS.1(4) Are there requirements to control access to the network?

$5.2(1) Are there requirements to record and report all access to the system (2.g.,
record terminal and processor linkage, data file access, and jobs run

information)? Y1 NN/A
55.2(2) Are there requirements to immediately indicate and identify all access
violations? [YINTN/A
1-21
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METRIC WORKSHEET | CSCI LEVEL

ST.3(1) Are there requirements to isolate I/O functions from computational

&
H
2

functions?

=]
2|
2

ST.3(2) Are 1/O functions isolated from computation functions?

SY.I(1) Are there requirements for the I/O transmission rates of this CSCI

to be the same as the interoperating CSCI(s)? [YINTN/A] .

SY.1(2) Are there requirements for this CSCI to use the same communication protocol .
as the interoperating CSCI(s)? YINTN/A .

SY.1(3) Are there requirements for common interpretation of the content in all v
messages sent from and received by this CSCI and by the interoperating ?

system(s) (e.g., al! variables in the message have the same meaning)? Y IN|N/A .L

SY.1(4) Are there requirements for this CSCI to use the same structure and -
sequence for message contents as the interoperating system(s) (e.g., all .

real variables are 16 bits in length; all real coordinates are ordered .

XCOORD, YCOORD. ZCOORD)? Y [NTN/A] ¥

SY.2(1) Are there requirements for this CSCI to use the same data format as the
interoperating system(s) (e.g., all characters are represented in ASCII ..

format)? .

[

&

SY.2(2) Are there requirements for this CSCI to establish the same data base .
structure as the interoperating C3Cilsj {e.gsy all CSCI's use a relational b

data base containing similar information)? Y[NTNJA] ’

SY.2(3)  Are there requirements for this CSCI to provide the same data base B
access techniques as the interoperating CSCl(s)? YT NTN/A K

SY.3(1)  Are there requirements for this CSCI to use the same word length as
the interoperating CSCI(s)? NT N/A "

SY.3(2)  Does this CSCI use the same word length as the interoperating CSCK(s)? [YTNIN/A s
,

1-22 {
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METRIC WORKSHEET 1 CSCI LEVEL

3Y.3(3) Are there requirements for this CSCIJ to use the same interrupt structure
as the interoperating CSCI(s)?

<]
2
z

SY.3(4) Does this CSCI use the same interrupt structure as the interoperating
CSCl(s)?

,%.

SY.3(5) Are there requirements for this CSCI to use the same instruction set as
the interoperating CSCI(s)?

]
2|
8

SY.3(6)  Does this CSCI use the same instruction set as the interoperating
CSCl(s)?

Sy.u() Are there requirements for tiris CSCI to use the same source code
language(s) as the interoperating CSCH(s)?

SY.4(2) Are there requirements for this CSCI to use the same operating system
as the interoperating CSCl(s)?

SY.4(3) Ara there requirements for this CSCI to use the same support software

5 A 5 R o N
RN
d E B E

as the interoperating CSCI(s)?
SY.5(1)  Is documentation available from the interoperating system(s) that enables
interoperability requirements to be established for this CSCI (e.g.,

documentation is up-to-date, complete, and clearly organized)?

TC.I{1)  Is there a table(s) tracing all o} the CSCI's allocated requirements

i 6
: &

to the parent system or subsystem specification(s)?

TN.I(D) Are there requirements to provide lesson plans and training materials for

operators, and users, and maintainers of the CSCI? [Y[NTN/A]
TN.1(2) Are there requirements to provide realistic simulation exercises for
the CSCI? Y [N]N/A
1.23
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METRIC WORKSHEET 1 CSCI LEVEL

TN.U(3)  Are there requirements to provide "help" information and diagnostic infor-
mation for the operator, end user, and maintainer of the CSCI (e.g.,
provide an on-line list of legal commands or a list of the sequential steps

in a process)? YININ/A

TN.1(8)  Are there requirements to provide selectable levels of aid and guidance for
CSCl users of different degrees of expertise? [YINTN/A

® AT T e T ks s o 4w w

VRLI(1) Are there requirements to make system implementation details transparent
to the user (e.g., the user can create a file without specitying its location
in the system/network)? NN
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GLOSSARY

Anomalous Condition: An event resulting in a deviation from the normal operating

environment or procedures.

Cohesion Value: The type of zelationship that exists among the elements of each software
entity (Function, CSCI, Unit). The following are relative values for seven types of
cohesion.

COHESION TYPE  VALUE

7)  Functional 1.0
6)  Informational 0.7
5)  Communicational 0.5
4)  Procedural 0.3
3)  Classical 0.1
2)  Logical 0.1
1)  Coincidental 0.0

The following are descriptions of the seven types of cohension.
1) Coincidental
. No meaningful relationships among the elements of an entity.
. Difficult to describe the module's function(s).
2)  Logical
. Entity performs {at each invocation) one of a class of related functions (e.g.,
“edit all data").
. Entity performs more than one function.
3)  Classical
. Entity performs one of a class of functions that are related in time (Program
procedure).
. Entity performs more than one function.
4)  Procedural
. Entity performs more than one function, where the functions are related with
respect to the procedure of the problem (Problem procedure).

1.25
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) v METRIC WORKSHEET 1 C!CILEVEL

GLOSSARY (continued)

5)  Communicational
. Entity has procedural strangth; in addition, all of the elements "communiczte"
with one another {e.g., reference same data or pass data among themselves).
« All functions use the same data.

6) Informational
. Entity performs multiple functions where the functions (entry points in the
module) deal with a single data structure.
. Physical packaging together of two or more entities having functional strength.

. All functions use the same data.

7} Functional
All entity elements are related to the performance of a single function.

Command Language: The set of instructions used (o invoke specific operations in a
computer software subsystem/prograrn.

Communication Channel* The pathways along which data/messages are cornmunicated to

the various <ystem components or nodes (i.e., other computer, data storage umts,

special processors, etc.).

Coupling: The type of relationship that exists between two software entities (Functions,
CSClIs, Units). In achieving a highly modular design it is essential to
minimize the relationships among software entities. The goal is to design software
entities with low coupling. The scae of coupling from worst to best is: (1) Content

Cminlima M Mo mon Counling o
WUUP MR =/ S WUUpUlig) #7 masling

Y.‘~

2) By apmmal Caunline §§) Camtnal Canlina §) Soaman
I Ty \.vuyuuby 4 N \.vuyuué, 4 Jtullly

e

e

Coupling, and 6) Data Coupling.

LRSS

1) Content Coupling - One software entity references the coriients of 2nother software

.

L e ]
»

entity.
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o

2)  Common Coupling - Software entities reference a shared global data structure.

Br
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METRIC WORKSHEET 1 CSCI LEVEL
GLOSSARY (continued)

3)  External Coupling - Software entities reference the same externally declared
symbol.

4)  Control Coupling - One software entity passes control elements as arguments to
another software entity.

5)  Stamp Coupling - Two software entities reference the same data structure, which is
not global.

6)  Data Coupling - One software entity calls another and the software entities are not
coupled as defined above (in | thorugh 3).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Format: The positioning, packing or organization - the order that the data appears
in.

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Record: A structured grouping of related data elements tor the purpose of storage
or transmission.

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the
database management software systam.

Design Representation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,
HIPO Charts, PDL, etc.

1/0 Channel: The pathways along which data/messages are communicated to the various
user-oriented peripherzls in the system (e.g., CRT, Printer).

Microcode Instruction: A low-level computer instruction specifying a single machine

operation. 1-27
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GLOSSARY (continued)

LA

Mission-Critical Function: A feature essential to fulfilling the desired objectives

ey
0

of the system.

4
r

LA

Multiple Transfer Index Parameters: A value used to select a variation in the order of

code execution (i.e., C... : statement, program switch, etc.).

Network: A system of computers, terminals, and data basas that ar= linked/
interconnected with the use of communication lines.

Node: The points at wiich subsidiary parts originate or connect to a system contait.ing

interconnected system parts or devices.

Range-Test: A test performed to validate the object of interest over the complete
spectrum of applicable values.

Subseript Value: A value used to reference an entity from a group of related objects

(i.e., *able index, array index, etc.).

Synchronization: The process of ensuring tiiat two or more components of a system are

ready and capable of communicating with one another.

Virtual Storage: The storage space that may be regarded as addressible main storage by
the user of a computer system in which virtual addresses are mapped into real
addresses. The size of virtual storage is limited by the addressing scheme of the
computer systam and by the amcunt of auxiliary storage available, and not by the

actual number of main storage loca tions.

1-28
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METRIC WORKSHEET 2 CSCI LEVEL

WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

Enter the name and contract number of the project.

Enter the date the worksheet is prepared (month, day, year).

Enter the name of the person responsible for completing the worksheet.

Enter the name of the entity to which the worksheet is applied.

Enter the number and name of all documentation which is used as source
material for answering the metric questions in Section B.

Enter comments reflecting the inspector's observations on product quality and
any additional information regarding specific metric questions.  Attach
additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by ctrcling the appropriate answer (Y = yes,

N = no, N/A = not applicabie) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.

2-1
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SECTION A - GENEF.AL INFORMATION

PROJECT

DATE

INSPECTOR

£ W N -
P

PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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SECTION B - METRIC QUESTIONS

AC.U(7) Do the numerical techniques used in implementing applicable functions (e.g.,
mission-critical functions) provide enough precision to support accuracy
objectives?

AM.3(1)  Are there provisions for recovery from all computational failures?

AMA4(L)  Are there provisions for recovery from all detected hardware faults (e.g., arith-
metic faults, hardware failure, clock interrupt)?

AM.5(1)  Are there provisions for recovery from all 1/O device errors?
AM.6(1)  Are there provisions for recovery from all communication transmission errors?

AM.6(2)  Is error checking information (e.g., checksum, parity bit) computed and trans-
mitted with all messages?

AM.8(3)  Is error checking information computed and compared with all message recep-

<] < <l ]
= EEE HE

tions?

AM.6(4)  Are transmission retries limited for all transmissions?

&
2|

AM.7(1)  Are there provisions for recovery from all failures to communicate with other
nodes or other systems?

AM.7(2)  Are there provisicns to pericdically check all a6,aCent nodes or inveroperating

<] <]
2| g
g B
o b

systems for operational status?

AN AM.7(3)  Are there provisions for alternate routing of messages? YINN
‘\~‘k¢~.
o
:‘_‘_\: AP.I(1) Are there provisions for limiting specific references to the data base manage-
;:‘j-:ﬁ: ment scheme (e.g., all data calls for data base information are processed
E through an executive)? YININTY
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APS(1) a.

b.

C.

AP.5(2)  a.

C.

AP.5(3)  a.

b.

C.

AT.1(2) a.

b.

C.

AT.1(3}) a.

C.

(S . » Tm
T Sh R ot ey P R Apc® g Tha g R AR AL A e R s W g s

How many algorithms?

How many algorithms are not unique to this application (e.g.,
table driven algorithm)?

Calculate b/a and enter score.
How many algorithms?

How many algorithms have been verified with respsct to their
requirements?

Calculate b/a and enter score.
How many algorithms?

How many algorithms have test data available which reflects
results nf algorithm verification?

Calculate b/a and enter score.

What is the total memory space allocated?

What is the estimated memory space used (total less spare)?
Calculate 1-{(b/a) and enter score.

What is the total auxiliary storage space allocated?

What is the estimated auxiliary sturage space used (total less
spare)?

Calculate 1-(b/a) and enter score.
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a.

Q.

o

0

Note, for more than one I/O channel, list answers to a., b., and ¢.
below, and enter average of answers in boxes above.

I/O CHANNEL

‘.
A
AT |
R D o ad

What is the total processing time allocated?

What is the estimated I/O processing time used
(total less spare)?

Calculate 1-(b/a) and enter score.

What is the total /O channel time allocated?

What is the estimated 1/O channel time used (total less spare)?

Calculate 1-{b/a) and enter score.

ae

e
In
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METRIC WORKSHEET 2 CSCI LEVEL
AT.3(2)  a.  What s the total communication channel time allocated? [ IN/A

b. What is the estimated communication channel time used {total

less spare)? [ InN/A

c.  Calculate 1-(b/a) and enter score. —INA

Note, for more than one communication channel, list answers to a.,
b., and c. below and enter average of answers in boxes above.

COMMUNICATION
CHANNEL

Ia
b
0
»

l¢

NEN

AT.4(1) Are all processors, communication links, memory devices, and peri-
pherals compatible (e.g., of a cornmon vendor or model)?

=
H
5

AU.1(1) Are all processes and functions partitioned to be logically complete and self-

]
|
5

contained so as to minimize interface complexity?

AU.1(4) a.  How much estimated processing time is typically spent exe-

cuting the entire CSCI? [ In/A

s

X
¢
»
v

'~
.

b. How much estimated processing time is typically spent in exe-
cution of hardware and device interface protocol? CIn/A

c.  Calculate 1-(b/a) and enter score. [ [N/AR

AU.2(2)  Does the executive software perform testing of its own operation and of
the communication links, memory devices, and peripheral devices? YINTN7H
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METRIC WORKSHEET 2 CSCI LEVEL
CL.1(2)  Is there compliance with the network communication protocol standards? [y INTN/A]
CL.1{3)  Is all network processing controlled in accordance with the protocol standard? Y TN[N/A]
CL.1(4)  Are all user sessions controlled in accordance with the protocol standard? Y IN[N/A]
CL.1{5)  Is all communication routing performed in accordance with the protocol standard?[Y [N]N/A]

CL.1(6)  Is all message handling {e.g., synchronization, message decoding) performed
in a uniform manner in accordance with the protocol standard? v [NTN/A

CL.1(7) a.  How many top-level CSC's receive inputs from other systems?
b.  Calculate 1/a and enter score. N
CL.1(8) a.  How many top-level CSC's transmit outputs to other systems?

b.  Calculate 1/a and enter score.

CL.1(11) Are there no time-critical constraints with respect to external communication

=]
1!
g

(e.g., data freshness)?
CL.1(13) Is there a general description of how the computer system appears to the users
and how the users interact with the computer system (e.g., operational concept

document)?

CL.1(l4) s there a complete and definitive set of operating procedures for using thts

system?

CL.2(1) Do ali data representations and translations comply with the established
standard?

CL.2(2) a.  How many top-level CSC's perform data translations?

b.  Calculate 1/a and enter score.
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METRIC WORKSHEET 2 CSCI LEVEL

CL.2(4)

CL.2(6)

CP.I(1)

CP.1(2)

CP.1(3)

CP.1(#)

a. How many different formats are used for input data from other systems

(e.g., formats for data positioning, data packing, block

transmission)? [ IN/A
b.  Calculate 1/(1+a) and enter score.
a.  How many different formats are used for output data cc other systems

(e.g., formats for data positioning, data packing, block

transmission)? [INIR
b.  Calculate 1/(1+a) and enter score. [IN/A

. . s F g 1T

Are all inputs, processing, and outputs clearly and precisely defined? 0N JNGA
a.  How many data references are identified? IN/A
b. How many 1dentified data references are documented with

regard to source, meaning, and format?
¢.  Calculate b/a and enter score. [CIN/A
a. How many data 1tems are defined (1.e., documented with regard

to source, meaning, and format)? [ IN/A]
b.  How many defined data items are referenced?
c.  Calculate b/a and enter score.
a.  How many data references are identified? [ IN/A
b. How many identified data references are computed or obtained

from an external source (e.g., referencing global data with

preassigned values, input parameters with preassigned values)? [ IN/A
c.  Calculate b/a and enter score. [ IN/A

2-8
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CP.1(6)

CP.1(9)

CP.I(11)

CS.1(1)

Cs.1(5)

CS.2(1)

CS.2(2)

Cs.2(3)

CS.2(4)

CS.2(5)

CS.2(6)

~
N N - .~ w oot x Y At -
- P TN T Na At B N -'u".'-‘."-}‘ .
P o « PR o e e - e

Have all functions for this CSCI been allocated to top-level CSC's of this CSC1? TN IN/A

Are all conditions and alternative processing options defined for each

decision point? [Y [N IN/A]
a. How ma « softw: re problem reports have been recorded, to
date? [ IN/A

b. How many recorded software problem reports have been closed
(resolved), to date?

c.  Calculate b/a and enter score.

n
SIS

Are the design representations in the formats of the established standard?

]
=]
4
>

Do all references to the same top-level C3C use a single, unique name?

&
H
5

Does all data representation comply with the established standard?

Does the naming of all data comply with the established standard? [y TNNJA]
Is the definition and use of all giobal variables in accordance with the

established standard? [y IN]N/A]
Are there procedures for establishing consistency and concurrency of multiple

copies {e.g., copies at different nodes) of the same software or data base

verson? VINTN7Al

Are there procedures for verifying consistency and concurrency of multiple

copies (e.g., copies at different nodes) of the same software or data base

version? m

Do all references to the same data use a single, unique name?

]

-9
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METRIC WORKSHEET 2 CSCI LEVEL

DLI(1} Is a graphic portraya! (e.g., figures, diagrams, tables) provided which identifies
all top-level CSC's and their interfaces within the CSCI? [YININ/A

DL1(2) Is a graphic portrayal provided which identifies all types of top-level CSC infor-
mation groupings and top-level CSC information flow within the CSCI? [YTNIN/A

DL 1(4) Are all files/libraries accessible from each node in accordance with the estab-

lished requirements? m

DL1(5) Can alternate processing sources (for this CSCI) be selected within the system? [YIN]N/A

DI.1(6) Are all mission-critical functions (for this CSCI} distributed over redundant

elements or nodes? m

DL1(7) Are control functions (for this CSCI) distributed across different nodes/elements

50 as to ensure system operation under anomalous conditions? fININA
DIL.1(9) Can each node communicate with all remaining nodes in accordance with the
requirements concerning node removal? Y N{N/A]

DO.I{1)  Are current varsions of all software documentation related to the project free
from access control (i.e., any member of the current project or other projects
may access a copy of any document)? Y ININ/A]

DO.2(1)  Is all the documentation structured and written clearly and simply such that
procedures, functicns, algorithms, etc. can be easily understood?

D0.2(2)  Does the requirements/design documentation clearly depict control and data flow

o

(e.g., graphic portrayed with accompanying explanations or PDL)?

DO.2(3)  Does all documentation contain an indexing scheme which facilitates quickly
locating and accessing various information in the document (e.g., hierarchical
structured table of contents, inserted tabs)?

g
g
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METRIC WORKSHEFT 2

DO.2(4)

DO.2(5)

D0.2(7)

EP.1(5)

EP.2(2)

EP.2(3)

EP.2(6)

ES.1(2)

ES.1(5)

ES.1(8)

FS.2(2)

CSCI LEVEL
Do the 5 frware specifications and design documentation have separate
volumes or separations within a single volume based on system {unctions
or software functions? Y [N INTA
Does the documentation completely characterize the operational capabilities of
the software (e.g., identify all the performance parameters and limitations)? fy TN [N/A]
Does the documentation contain comprehensive descriptions of all algorithms
used and their limitations, including inputs, ocutputs, and required
precision? fr TN IN/A]

a. How many different overlays are used in this CSCI?
b.  Calculate 1/a and enter score.

Has the storage of all information (e.g., tiles, code, ar ays, buffers) been
organized for efficient processing (e.g., minimum search time)?

Does the source code language(s) enable variable mitialization when the

CCINA
[InA
Y TN [N/A)
variable is declared?
FININ/A)
NIN/A

Coes the method(s) for relating similar data items facilitate efficient
processing (e.g., arrays, doubly linked lists, directories)?

Does the memory management of the CSCI incorporate virtual storage?

Does the memory management of the CSCI incorporate dynamic reallocation

of physicai memory space during execution (dynamic memory management)? YTNIN/A

Is the CSCI free from redundant storage of files and libraries (e.g., duplicate
coptes are not stored at different nodes in a network; multiple versions of the
same file are not part of the working CSCI)? YTNINTA

Does the design implementation the CSCI functions in such a way so as to
facilitate their use in other similar CSCI applications? Y TNIN/A]

N
)
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W, .

e FS.2(3)  Are all inputs documented as to the specific use and limitations of the data? FININ/A

% ‘.:.:

5.[: FS.2(4) Are all input/output formats specified and documented? m
;.E- FS.2(5) Are all outputs documented as to the specific use and interpretation of

T the data? Y [NTN/A]

FS.3(1) Can the user choose among computation and output options (e.g., user
N selecting type of coordinate system, output media, format)? Y INTN/A]

FS.3(2)  Can the resources allocated to functions be modified (during

N execution)? N
.l\

. et

- 1D.1(3) Is the software free from using any non-standard constructs of the

%

implementation language(s)?

i
o
1§

»
W

ID.2(1) Are the same version and dialect of the implementation language(s)

"
(]

D g g A
«

o~

— supported on other machines? m
“w

oy

.';’_. MO.1(2)  Are all top-level CSC's developed according to structured design

techniques? FIRIN/A]

O‘

s

MO.1{9)  Does each top-level CSC's have a single processirg objective (i.e.,

RS
_'}{'{: all the processes within the top-level CSC are related to the same
<0 objective)? Y INTN/Al
»”
2

:

MO.2(2) a. How many interfaces among top-level CSC's?

b.  How many top-level CSC interfaces include:

bl. Content coupling
[___IN/A

b2. Common coupling

2.12
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METRIC WORKSHEET 2

b3. External coupling
c.  Calculate 1-{(b1+b2+b3)/(3xa)) and enter score.
MO.2(%) a.  How many interfaces among top-level CSC's?
b.  How many top-level CSC interfaces include:
bl.  Control coupling
b2. Stamp coupling
b3. Data coupling
¢.  Calculate ((b1+2)/(2xa)+b3/a) and enter score.

MO.2(5)  What is the average cohesion value of all top-level CSC's in this
CSCI?

List each top-level CSC and its cohesion value below.

TGP-LEVEL CSC COHESION VALUE

A-72
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METRIC WORKSHEET 2 CSCI LEVEL

OP.1(1)  Has a description of the operating characteristics of the CSCI been provided
(i.e., the normal and alternate procedures and actions performed by the CSCI)

%

(e.g., operating characteristics are described in an operator's manual)?

OP.1{2)  Are all the errors reported to the operator/user as specified in the
requirements?

2
2]
g

OP.1(3) Is the capability provided for operator/user response to all reperted errors
as specified in the requirements?

OP.1(4) Can the operator interrupt system operation, save and enter data, and
continue processing?

kit

A,

OP.1(7) Are the procedures specified for setting up a mission/job and completing
it?

OP.1(9)  Is a hard copy log provided of all operator interactions with the system/
CSCI?

[<] <] <] <
P 0BG
g &8 B B

OP.1(12)  Are all operator messages and responses simple and consistent (e.g.,
"Disk drive #2 is off-line"; "Enter 'YES' for retry or MO’ to stop
processing")?

OP.1(11)  Are all access violations reported to the operator in accordance with
the requirements?

OP.1(12)  Are appropriate responses performed/provided for all access violations
in accordance with the requirements?

N

OP.1(13)  Can the operztor/.oftware obtain specific system (or network) resour.e
status information and reallocate resources?

&
2|
g

OP.1(14)  Can the operator select different nodes for different types of processing
or for retrieval of information?

%

2-14
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METRIC WORKSHEET 2 CSCI LEVEL

OP.1(15) Can the operator/user manipulate data regardless of the data's location

th the system? (YTNTN/A
OP.1(16) Are system implementation details transparent to the user /3.g. the user can

access a file without knowing its location in the system/r*  ark)? [YITNN/A
OP.2(4)  Can the user review and modify all input data prior to - .:cution? FINTN/A
OP.2(5) Are all user-input data terminated by explicitly defineu .ogical end of

ingaut? FININA
OP.2(6)  Can the user select among options for input media (e.g., terminal,

tape drive, card reader)? [Y N IN/A

OP.3(1)  Can the user control output (e.g., choose specific outputs, output media,
output formats, amount of output)?

OP.3(2) Do all outputs to the user have unique, descriptive labels for identifying
data?

0OP.3(3) Are all outputs to the user provided with user-oriented measurement
units?

OP.3(6) Do all error messages clearly identify the nature of the error to the

user? Y INTN/A
[ [NTN/A]
[YININ/A]

OP.3(7)  Can the user select among options for output media?

w4

OP.3(8)  Is there a standard (common) command language for network information
N and data access?

RE.I(1) Do communication paths exist to all remaining nodes/links in the event

- of a failure of one node/link? YINTN/A
3

S 2-15
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METRIC WORKSHEET 2

RE.1(2)

RE.1(3)

RE.1(4)

SLI(1)

SL1(6)

SLI(7)

SL1(9)

S1.1(10)

sL2(1)

SL4(13)

$5.1(1)

- . 4
B R T R IR A —n-ﬂm»—v-‘m\rn\--\,-".twv«‘

Is the integrity of all data values maintained following the cccurrence of
anomalous conditions?

Can ail disconnected nodes rejoin the network after recovery, such that
the processing functions of the system are not interrupted?

Are all criticai data in the system (or CSCI) replicated at two or more
distinct nodes, in accordance with specified requirements?

Does the design of the CSCI reflect a structured design approach
(e.g., top-down design)?

a. How many unique data items are in common blocks?
b.  Calculate 1/a and enter score.

a.  How many unique data items are in common blocks?
b.  How many unique common blocks?

c. Calculate b/a and enter score.

Has a programming standard been established?

Do the descriptions of all top-level CSC's identify all interfacing
top-leve! CSC's and all intertacing hardware?

Are there requirements to use a structured language or preprocessor to
implement the software?

Are there requirements for a programming standard?

Are there controls on user input/output access in accordance with the
specified requirements (e.g., user access is limited by identification
and password checking)?
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$S.1(2)

SS.1(3)

$S.1(8)

$s.2(1)

$5.2(2)

ST.3(2)

ST.3(5)

ST.3(6)

..
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Are there controls on data access in the system (CSCI) in accordance with the
specified requirements (e.g.. authorization tables and privacy locks)?

Are there controls on the scope of task operations during executior. in
accordance with the specified requirements (e.g., invoke other tasks, access

system registers, or use privileged commands)?

Are there controls on access to the network in accordance with the specified
requirements?

Is all access to the system recorded and reported in «ccordance with the
specified requirements (e.g., terminal and processor linkage, data file access,

and jobs run information)?

Are all access violations immediately indicated and identified in accordance
with the specified requirements?

Is I/O isolated from computation in the design?
Does each top-level CSC perform unique operations (i.e., similar
operations are not performed within different top-level CSC's which

could be restricted to single top-level CSC)?

a. In how many top-level CSC's are non-related functions performed (i.e.,
functions which do not contribute to the same overall objective)?

b.  Calculate 1/(1+a) and enter score.
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o METRIC WORKSHEET 2 CSCI LEVEL

. List the number of non-related functions performed by each top-level CSC.

TOP-LEVEL CSC NUMBER OF NON-RELATED FUNCTIONS

SY.N (1) Does this system (CSC1) use the same I/O transmission rate as the inter-
operating system(s) in accordance with the specified requirements? [Y ININ/A]

SY.1(2) Does this system (CSCI) use the same communicat:on protocol as the inter-
operating system in accordance with the specified requirements? [Y INTN/A]

SY.1(3) Is there a common interoperation of the content in all messages sent from and
received by this system (CSCI) and by the interoperating system(s) (CSCD) in
accordance with the specified requirements (e.g., all variables in the message
have the ame meaning)? Y [NTN/A]

SY.1(4) Does this system (CSCI) use the same structure and sequence for message
contents as the interoperating system(s) (CSCI) in accordance with the
specified requirements (e.g., all real variables are 16 bits in length;
all real coordinates are ordered XCOORD, YCOORD, ZCOORD)? Y [NTN/A]

Sy.2(1) Does thus system (CSCI) use the same data format as the interoperating system(s),

1.¢
o

in accordance with the specified requirements (e.g., all characters are repre-

sented 1n ASCII format)? YINTNTA]

LN "'_
4(' l‘_“

£

SY.2(2} Dues this sys>temn {TSCH) use the same data base structure as the interoperating

R T
[_SUEN

" » system(s), 1n accordance with the specified requirements (e.g., all systems use
e a relational data base containing similar information)? Y TNTN/A]
I\.‘h

v
¥
LA

SY.2(3) Does this system (CSCI) provide the same data base access techniques as
the interoperating system(s), in accordance with the specified
requirements? N/A
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- METRIC WORKSHEET 2 CSCI LEVEL

SY.4(1)  Does this system (CSCI) use the same source code language(s) as the
interoperating system(s), in accordance with the specified

requirements? Y INTN/A]

SY.4(2} Does this system use the same operating system as the interoperating
system(s), in accordance with the specified

requirements? m

SY.4(3) Does this system use the same support software as the interoperating
system(s), in accordance with the specified

requirements? EIEEE

TC.I(1) s there a table(s) tracing all of the top-level CSC allocated requirements
to the parent CSCI specification? [Y [N TN/A|

VR.I(1) Are the system implementation details transparent to the user (e.g., the
us7r can create a file without specifying its location in the system/
network)? [Y IN [N/A
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METRIC WORKSHEET 2 CSCILEVEL

GLOSSARY

Anomalous Condition: An event resulting in a deviation from the normal operating

environment or procedures.

Cohesion Yalue: The type of relationship that exists amoag the elements of each software

7
6)
5)
4)
3)
2)
1)

entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion:

COHESION TYPE  VALUE E
Functional 1.0

Informational 0.7

Communicational 0.5

Procedural 0.3
Classical 0.1
Logical 0.1
Coincidental 0.0

The following are descriptions of the seven types of cohension.

1)

2)

3)

4)

5)

AN ,,-"‘-

g mim g g iy

K LIPS g T
e L L e L Vet

Coincidental

. No meaningful relationahips among the elements of an entity.

. Difficult to describe the module's function(s).

Logical

. Entity performs (at each invocation) one of a class of related functions (e.g.,
"edit all data").

. Entity performs more than one function.

Classical

. Entity performs one of a class of functions that are related in time (Program
procedure).

. Entity performs more than one function.

Procedural
Entity performs more than one function, where the functions are related with
respect to the procedure of the problem (Problem procedure).

Communicational

220
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METRIC WORKSHEET 2 CSCILEVEL

GLOSSARY (Co. *inued)

. Entity has procedural strength; in addit on, all of the elements "communicate"
with one other (e.g., reference same data o1 pass data among themselves).
+ All functions use the same data.
6) Informational
. Entity performs multiple functions where the functions (entry points in the
module) deal with a single data structure.
. Physical packaging together of two or more ¢ntities having functional strength.
. All functions use the same data.
7} Functional
. All entity elements are related to the performance of a single function.

Command Language: The set of instructions used to invoke specific operations in a
computer software subsystem/program.

Communication Channel: The pathways along which data/me ssages are communicated to

the various system ccmponents or nodes (i.e., other computer, data storage units,

special processors, etc.).

Coupling: The type of relationship that exists between two so. tware entities (Functions,
CSCls, Units). In achieving a highly modular design it is ssential to
minimize the relationships among software entities. The goal is to design software
entities with low coupling. The scae of coupling from wo'st to best is: (1) Content
Coupling, 2) Common Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp
Coupling, and 6) Data Coupling.

1) Content Coupling - One software entity references the co itents of another software
entity.

2)  Common Coupling - Software entities reference a shared g lobal data structure.

3)  External Coupling - Software entities reference the iame externally declared

symbol.

4)  Control Coupling - One software entity passes control 2lements as arguments to

another software entity.

2.21
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METRIC WORKSHEET 2 CSCI LEVEL

GLOSSARY (Continued)

5)  Stamp Coupling - Two software entities reference the same data structure, which is
not global.

6)  Data Coupling - One software entity calls another and the software entities are not
coupled as defined above (in | through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).
Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).
Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design
using one of a number of design representation methodolugies, such as, Flow Charts,
HIPO Charts, PDL, etc.

1/O Channel: The pathways along which data/messages are communicated to the various

2t
¥

user-oriented peripherals in the system (e.g., CRT, Printer).

ke
z Mission-Critical Function: A feature essential to fulfilling the desired objectives
Ve of the system.
. Network: A system of computers, terminals, and ddata bases that are linked/
P —_—
interconnected with the use of communication lines.
> Node: The points at which subsidiary parts originate or connect to a system containing
Py —
[ ] interconnected system parts or devices.
.
-, -"
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o
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METRIC WORKSHEET 2 CSCI LEVEL

GLOSSARY (Continued)

Yirtual Storage: The storage space that may be regarded as addressible main storage by
the user of a computer system in which virtual addresses are mapped into real
addresses. The size of virtual storage is limited by the addressing scheme of the
computer system and by the amount of auxiliary storage available, and not by the
actual number of main storage locations.
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METRIC WORKSHEET 3A CSCI LEVEL

WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

I. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.
Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source
material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and
any additional information regarding specific metric questions. Attach
additional sheets, as necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,
N = no, N/A = not applicable) or by entering the appropriate value. A glossary of
terms s provided at the end of this section.

3A-1
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METRIC WORKSHEET 3A CSCl LEVEL
SECTION A - GENERAL INFORMATION
. PROJECT

1
2. DATE

3. INSPECTOR
4

5

. PRODUCT
. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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METRIC WORKSHEET 3A CSCI LEVEL

SECTION B - METRIC QUESTIONS

AM.I(3) a. How many applicable units (answer of Y or N on 38)? —In/A ‘
b,  How many units with answer of Y (see 3B)? (—Ix/A .
c.  Calculate b/a and enter score. | IN/A

AM.2(2)  Are values of all applicable external inputs with range specifications checked ‘
with respect to specified range prior to use? Y 1N N/A [

AM.2(3)  Are all applicable external inputs checkad with respect to spacified conflicting

requests peior to use? m .

AM.2(§)  Are all applicable external inputs checked with respect to specified illegal '
combinations prior to use? [y [N IN/A '
|

AM.2(5)  Are all applicable external inputs checked for reasonableness before processing

begins? YININ/A :

AM.2(6)  Are all detected errors, with respect to applicable external inputs, reported

before processing begins? [YTNIN/A] !

f

AM.2(7) a. How many applicable units (answers of Y or N on 3B) [ 1InN/A ;

b,  How many units with answer of Y {see 3B} E ‘

H

i c.  Calculate b/a and enter score. CInA :

AM.3(2)  Are all critical loop and multiple transfer index parameters (e.g., supporting
a missicn—critical function) checked for out-of-range values before use? Y ININT

AM.3(3)  Are all critical subscripts (e.g., supporting 2 mission-critical function)

i

checked for out-of-range values before use? YINTN/A ,

N

)

i

{

1)

i
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AP.I(1)  a.

b.

Ce

AP.2(1) a.

b.

c.

AP.2(2) a.

C.

AP.2(3) =

b.

C.

AP.2(4)  a.

b.

METRIC WORKSHEET 3A

AM.3(4)  Are all'ceritical output data (e.g., supporting a missioncritical function)
checked for reasonable values prior to final outputting?

How many applicabie units (answer of Y or N on 38)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What is total score for all applicable units (add applicable unit

scores from 3B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?
How many units with answer of Y (see 3B)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?
How many units with answer of Y (see 3B)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?
How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

A-86
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METRIC WORKSHEET 3A CSCI LEVEL i
g
AP.3(1) a. How many applicable units (answer of Y or N on 3B)? -
b.  How many units with answer of Y (see 3B)?
c. Calculate b/a and enter score. [___IN/A _'
AP.4(1)  a. Hr. .nany applicable units (answer of Y or N on 3B)? -
b.  How many units with answer of Y (see 3B)? ‘:
- p
c.  Calculate b/a and enter score. [ IN/A i
AT.M(1) a. How many applicable units (answer of Y or N on 3B)? [—IN/Y -
b. How many units with answar of Y {see 3B)? [ IN/A
[t
{
c.  Ca.culate b/a and ente: score. :c‘
LIS
AT.1(2) a.  Whatis the total memory space allocated? [ [N/A "
l“.
b.  What is the estimated memory space used (total less spare)? [___:IEE )
{
c.  Calculate 1-(b/a) and enter score. [ IN/A ’_'3
3
AT.1(3) a.  What is the tota} auxiliary storage spo-e allocated? L___IN/A :\
L:’”.
-9
b. What is the estimated auxiliary storage space used (total less k!
spare)? N o
c. Calculate 1(b/a) and enter score. —IN/A ,..
AT.2(1) a.  How many applicable units (answer of Y or N on 3B)? """
b. Y vraay units with answer of Y (see 3B)? 1N/
c.  Calculate b/a and enter score. N/A
3A-5 A
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AT.2(2)  a.

b.

o)

AT.2(3)  a.

b.

METRIC WORKSHEET 3A CSCILEVEL
How many applicable units (answer of Y or N on 3B)? [ InA
How many units with answer of Y (see 3B)?
Calculate b/a and enter score. [ IN/A
What is the total processing time allocated? [ IN/A
What is the estimated processing time used (total less spare)? C1nA

C.

AT.3(1)  a

b.

C.

Calculate 1-(b/a) and enter score.

What is the total I/O channel time allocated?

Calculate 1-(b/a) and enter score.

What is the estimated I/0 channel time used (total less spare)? (L

Note, for more than one 1/0 channel, list answers to a., b., and c.
below and enter average of answers in boxes above.

1/0 CHANNEL a. b. _ c

O TN
St

o
»

¢
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AN
AT.3(2) a. What is the total communication channel time allocated? CNA -
>~
b.  What is the estimated communication channe! time used (total ~
less spare)? (CInN/A -
»
R
c. Calculate 1-(b/a) and enter score. [ IN/A =
Note, for more than one communication channel, list answers to .,
b., and c. below and enter average of answers in boxes above. -
e
COMMUNICATION Y
CHANNEL a. b. c. D
—_— o
AU.1(2) a. How many estimated lines of source code, excluding comments? CIN/A :f,
b.  How many estimated lines of source code necessary to handle '3‘.
hardware and device interface protocol? E::ME )
o
-
c.  Calculate 1-(b/a) and enter score. (CINA -
.
Lu
AU.1(3) a. How many unijts? N/& ;.:.-
';:!

.

b, How many units perform processing of hardware and/or device

oy

v,-
a3

interface protocol?

«

. e

" el

c.  Calculate 1-(b/a) and enter score. L INJA]

.-
L

AU.1(8) a. How much estimated processing time is typically spent exe-

cuting the entire CSCI? LY

RIS

I f

3A.7
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METRIC WORKSHEET 3A

CL.1(7)
CL.1(3)
cL.2(1)
CL.2(2)
CP.1(1)
-
8 CP.1(2)

> ¥ | "',j

Koty Py %y oy
5

¢ A

«

R
LR
PO .

Pt

34
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s a4 e "e s .

b.

a.

b.

Y

b.

How much estimated processing time is typically spent exe-
cuting the hardware and device interface protocol units?

Calculate 1-(b/a) and enter score.

How many units receive inputs from other systems?

Calculate 1/a and enter score.

How many units transmit outputs to other rystems?

Calculate 1/a and enter score.

CSCILEVEL

[ INA '
[ IN/A

CInA
[ IN/A

CINA
CINA

Do all data representations and translations comply with the established
standard?

Qe

b.

Qe

b.

a.

c.

- A R
e P 0 s B i e e e o P e Rt Ry - € iy g e gt g e B b 8 i 8 g

How many units perform data translations?

Calculate 1/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What is total score for ali applicable units (add applicable
nnit scores from 3B)?

Calculate b/a and enter score.
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D el L

CP.I(3) a. How many data items are defined (i.e., documented with regard

to source, meaning, and format)? " IvA ‘
b.  How many defined data items are referenced? TN/ .
¢c.  Calculate b/a and enter score. ___N/A
CP.1(4) a.  How many applicable units (score entered on 3B)? [ 1InNA

b. What is total score for all applicable units (add applicable

unit scores from 3B)? [::m

PR P T T T e TC LRIt 4 4 L% S e W, eror

c.  Calculate b/a and enter score. CINA
CP.1(9) a. How many applicable units (answer of Y or N on 3Bj. [ INA

b.  How many units with answer of Y (see 3B)? ;
c.  Calculate b/a and enter score. (CIN/A :
i
CP.1(10) a. How many applicable units (answer of Y or N on 3B)? [ In/A i
:
b.  How many units with answer of Y (see 3B)? CCINA .
L]
¢ Calculate b/a and enter score. (T IN/A :
i
CP.I(11) a. How many softwara problem reports have been recorded, to &
date? VA :

b. How many recorded software problem reports have been closed ~
(resolved), to date? CIN7A c

!

¢.  Calculate b/a and enter score. [:[@ -

3A-9
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i
R CS.I{1) a.  How many applicable units (answer of Y or N on 3B)? [ NJ/A ko
N I
. E
.- b.  How many units with answer of Y (see 3B)? [:IEB t:
¥t - -
< c. Calculate b/a and enter score. [___INJA g.
' ‘ :t
i '- ’1
v CS.1(2) a.  How many applicable units {(answer of Y or M on 3B)? —INA -
oy W
t 3
e b.  How many units with answer of Y (see 3B)? {___[t/A ¢
i1, '
a5 -
3 ¢.  Calculate b/a and enter score. [ __IN/A P
[ §
. 3
- CS.A(3) a. How many applicable units (answer of Y or N on 3B)? [ INJA
Ba™ . \,-.
X .
. b.  How many units with answer of Y (see 3B)? { [N/A I3
: &
N

d c.  Calculate b/a and enter score.

:.' CS.1{#)  a.  How many applicable units (answer of Y or N on 38)7 N/
‘- b.  How many units with answer cf Y (see 3B)? [ In/A
"‘. c.  Calculate b/a and enter score. [__[N/A
CS.1(5) a.  How many applicable units (answer of Y or N on 5B)? C__IN/A
b.  How many units with answer of Y (see 3B)? [IN/A
¢.  Calculate b/a and enter score. _IN/R
C5.2(1) a.  How many applicable units (answer of Y or N on 3B)? [ In/A
b.  How many units with answer of Y (see 3B)? [:m
c.  Cal ilate b/a and enter score. InA
3A-10
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METRIC WORKSHEET 3A CSCI LEVEL
CS.2(2) a. How many applicable units (answer of Y or N on 3B)?

b.  How many units with answer of Y (see 3B)? [ INA

c.  Calculate b/a and enter score. [__IN/A
CS.2(3)  a.  How many applicable units (answer of Y or N on 3B)? N

b.  How many units with answer of Y (see 3B)? CIN/A

c.  Calculate b/a and enter score. [___IN/A
CS.2(6) a.  How many applicabls units (answer of Y or N on 3B)? CCINA

b.  How many units with answer of Y (see 3B)? [ IN/A

c.  Calculate b/a and enter score. J:]m
DL.I(1) Are graphic portrayals (e.g., figures, diagrams, tables) provided which identify

DO.L(1)

DQ.2(1)

DO.2(2)

DO.2(5)

T . - R ) . " . L
AR e m M ke e g e R R Rt R e A W ek R A S s R 8 B s e e A % Ry

the decomposition of all top-level CSC's to all lower-level CSC's andfor units?  [Y]NTN/A]

Are current versions of all software documentation related to the project free
from access control (i.e., any member of the current project or other projects
may access a copy of any document)? YINTIN/A]

Is all the documentation structurad and written clearly and simply such that
procedures, functions, algorithms, etc. can be easily understood? IYININ/A

Does the requirements/design documentation clearly depict control and data flow

(e.g., graphic portrayal with accompanying explanations or PDL)? Y NTN/A

Does all documentation contain an indexing scheme which facilitates quickly

locating and accessing various information in the document (e.g., hierarchical

structured table of contents, inserted tabs)? [Y[ NJN/A]
3A-11
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METRIC WORKSHEET 3A CSCI LEVEL
DO.2(4) Do the software specifications and design and te st documentation have separate
volumes or separations within a single volume tased on system functiuns,

software functions, or software elements? [ZIEH‘E

DO.2(7)  Does the documentation contain comprehensive descriptions of all algorithms

i "
crals

used and their limitations, including inputs, outputs, and required

S

S precision? [YTNN/A
N

o

O EP.(2) a. How many applicable units (score entered on 3B)? C_IN/A

.

b. What is total score for all applicable units (add applicable

unit scores from 38)? [InN[A
c.  Calculate b/a and enter score. [ IN/A

EP.1(3) Have software units which are required to be optim;zed for processing

efficiency been identified? [NTN/A]
EP.I{t) a.  How many applicable units (score entered on 3B)? CIn/A

b. What is total score for all applicable units (add appiicable

unit scores from 3B)? [:m

¢.  Calculate b/a and enter score. (CIN/A
EP.I{5) a. How many different overlays are used in this CSCI? [ INJA

b.  Calculate 1/a and enter score. [ InN/A
EP.I{6) a.  How many applicable units (score entered on 3B)? 1N

b.  What is total score for all applicable units (add applicable

:
® -

3 unit scores from 3B)?
=

.: w

".‘1

o

‘~ . i JA-12
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METRIC WORKSHEET 3A CSCI LEVEL
¢  Calculate b/a and enter score. CIN/3

EP.2(2) Has the storage of all information (e.g., files, code, arrays,
buffers) been organized for effictent processing (e.g., minimum

search time)? Y | N INJA]
EP.2(4) a. How many applicable units (score entered on 3B)? (—In/A

b. What is total score for all applicable units (add applicable

unit scores from 3B)? [ IN/A
¢.  Calculate b/a and enter score, [ In/A
EP.2(5) a. How many applicable units (score entered on 3B)? [ InN/A

b.  What is total score for all applicable units (add applicable

unit scores from 3B)? —INA

c.  Calculate b/a and enter score.
EP.2(6)  Does the method(s) for relating similar data items facilitate efficient

processing (e.g., arrays, doubly linked lists, directories)? Y[ NIN/A]
EP.2(7) a. How many applicable units (score entered on 3B)? (CIN/A

b.  What is total score for all applicable units (add applicable

unit scores from 3B)? :Im

c. Calculate b/a and enter score. I N/A
ES.1(3) a. How many global variables?
b. How many global variables are referenced by more than one
name? CIN/A
3A-13
A-95
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METRIC WORKSHEET 3A CSCI LEVEL

ES.1(4%)

ES.1(6)

ES.1(8)

ES.(D)

GE.I(1)

GE.2(1)

c.  Calculate 1(b/a) and enter score.

g

Does the separation of the CSCI into segments (i.e., load modules)
efticiently utilize the segmented memory space available (e.g., minimizing
the largest CSCI segment length to minimize the memory segment size
required for module execution)?

a. How many applicable unijts (answer Y or N on 33)?

e R foxcid many unite with ancwer of Y (see 3B)?

00
LTI
g g

c.  Calculate b/a and enter score.

Is the CSCI free from redundant storage of files and libraries (e.g., duplicate
copies are not stored at different nodes in a network; multipte versions of the
same file are not part of the working CSCI)?

a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable
unit scores from 3B)?

¢.  Calculate b/a and enter score.

g

a. How many units in total?

[

b. How many units are called by more than one other unit?

c.  Calculate b/a and enter score.

a.  How many units in this CSCI?

- INA

3A-14
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r

| A~
S
=

b.  In how many units are the following processing categories mixed:
external input, external output, algorithmic processing? C—1NA

A 1”.:"'1 '..l.

c.  Calculate 1-{b/a) and enter score. [ INJA

ks
'

—
X J

)

GE.2(2) a. How many applicable units (answer of Y or N on 3B)? I RYL)

f o
3
- v e

b.  How many units with answer of Y (see 3B)? INA

¢c.  Calculate b/a and enter score. I8N

(o}

.
D
« v e

GE.2(3) a. How many applicable units (answer of Y or N on 3B)? [ IN/A

s e
Y
« .

b.  How many units with answer of Y (see 3B)? [ IN/A

M
Sl

e
AN

,

c.  Calculate b/a and enter score. (—InNA

GE.2(4) a. How many applicable units (answer of Y or N on 3B)? [ IN/A

b.  How many units with answer of Y (see 3B)? [INA

c.  Calculate b/a and enter score. [ InA

A,
¢!

L

VAN

iD.1(1) a. How many applicable units (score entered on 3B)? [ I:Zﬂ

AN

.

,,.,.-.
Y’
S X

b ‘What i> total score for aii appiicabie units {(add applicable

unit scores from 3B)?

o %

“r

A A

c.  Calculate b/a and enter score. In8/A

PN b e

D LN
[

ID.1(3) How many applicable units (answer of Y or N on 3B)?

A4
P A
g
g
"
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._,
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b.  How many units with answer of Y (see 3B)?

v
®

P A AELE:
-

¢
PN

X

TN
i d r 1 3
S

l-' ‘-'f'
- Y b}
Tililelz

¥ sl e &

’

&

3a-15

...

1

F:l
e
£

. e

A-97 .

S

3

&Y

O

- - - - - P

o, e = . .- - e g, - . . e

- s b - - “~ RO A R L W P S A .

d PN . L S R R N B PR NV R NI VN I
- e M .~ . - . . A N T R’ S S T R A ) - M

PR e Cte e e R BAR - - Pt . e e W

o e B N R e

- et - - L . - .
~ fe fe e T o~ — * . . B S A A L I R I R Rl Nl A ek el At
DA . A R LTI RV R S e - .



METRIC WORKSHEET 3A CSCI LEVEL

¢.  Calculate b/a and enter score. CIN/A
ID.2(2)  a.  How many units in the CSCI? [__IN/A

b.  How many units in the CSCI perform external input/output? (IN/A

¢ Calculate 1{b/a) and enter score. —C1In7/A
ID.2(3)  a.  How many units in the CSCI? 1IN/A

b.  How many units in the CSCI contain operations dependent on

word or character size? {IN[A

c.  Calculate 1-{b/a) and enter score. CIuA
ID.2(4) a.  How many units in the CSCI? [ IN/A

b. How many units in the CSCI contain data elemant representations

that are machine dependent? (—IN/RA

¢.  Calculate 1-{b/a) and enter score. [__IN/A

MO.1(2)  Are all CSC's developed according to structured design techniques? rININ/Al
MO.1(3) a. How many applicable units (answer of Y or N on 3B)? (—InN/R
b.  How many units with answer of Y (see 3B)? [ IN/A

¢.  Calculate b/a and enter score. [ IN7A
MO.1(4) a. How many applicable units (score entered on 3B)? (—InN/A

b. What is total score for all applicable units (add applicable

unit scores from 3B)? [IN/R

3A-16
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MO.1(6)
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MO.1(9)
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MO.2(2)

C.

a.

b.

c.

a.

b.

C.

a.

b.

C.

a.

b.

C.
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C.

Q.
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METRIC WORKSHEET 3A

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer ¢ Y {see 3B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (sec 3B)?

Calculate b/a and enter scoce.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.

How many interfaces among software units?
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METRIC WORKSHEET 3A CSCI LEVEL !

{

b.  How many unit interfaces include: v

¢

¢

bl. Content coupling [ [N7A ;:

s

2 1 A [y

b2. Common coupling K

li‘

"

b3. External ccupling [-:_E/:@ v

i

c.  Calculate 1{(bl+b2+b3)/(3xa)) and enter score. C1I8[A E

[N

M0.2(3) a. How many interfaces among software units? [ 1n/A F

{

b.  How many unit interfaces include: '(

L

bl. Control coupling R M) ,l.

b2. Stamp coupling l:;,: %7 {:

»

b3. Data coupling :@@ ;

S— B

c.  Calculate ((bl1+b2)/(2xa)+b3/a) and ener score. N/A) .

>

MO.2(5) a.  How many applicable units (szs-¢ entered on 3B)7 ____IN/A t

E.

b. What is total score for all -2 licable units (add applicable s

untt scores from 3B)? 1 [N7A] f

c.  Calculate b/a and enter s ore, N/Al S

)

T2} Ade all specified ercur conditig o teput ted to the operaten /usel such that i

the nature of the error and any response resuired by the operator/user are '

) . clearly identified and described in the error message? Y N/A :

-::3. ;

:.“' 5
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METRIC WORKSHEET 3A CSCI LEVEL

OP.1(3) I[s the capability provided for operator/user response to all reported
errors as specified in the requirements? YN [N/A

OoP.1(10) a

How many total operator messages and responses are provided? (In/A

b. How many different format types are used for vperator messages and

responses? [ IN/A

c.  Calculate 1-(b/a) and enter score. [ IN/A
SD.3(5) a.  How many applicable units (answer of Y or N on 3B)? CIn/Aa
b.  How many units with answer of Y (see 38)? CIn/A

c.  Calculaie b/a and enter score. CTN/A

SL1(1) Does the design of the CSCI reflect a structured design approach (e.g.,
top~down design)? [YIN]N/A

SL.1(2) a.  How many applicable units (answer of Y or N on 3B)?

(L
b.  How many units with answer of Y (see 3B)?

¢.  Calculate b/a and enter score,

Si.i{3) 4.  How many appiicabie units {answer of Y or N on 3B)7 L _IN/A

b.  How many units with answer of Y (see 3B)?

SL.1(4) a.  How many applicable units {(answer of Y or N on 3B)?

=

C. Calculate b/a and enter score.
CIN/A

b.  How many units with answer of Y (see 3B)?

it i S S P
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METRIC WORKSHEET 3A

SL1(5)

S1.1(6)

SI.1(7)

SL1(10)

SL3(1)

S1.4(1)

C.

.

b.

[¢]

Calculate b/a and enter score.

How many applicable units {score entered on 3B)?

What is total score for all applicable units (add applicable
unit scores from 3B)?

Calculate b/a and enter score.

How many unique data items are in common blocks?

Calculate 1/a and enter score.

How many unique data items are in common blocks?

How many unique common blocks?

Calculate b/a and enter score.

Do the descriptions of all units identify all interfacing

units and all interfacing hardware?

b.

Ce

b.

C.

How many applicable units (score entered on 3B)?

What is total score for all applicable units (add applicable
unit sceres from 3B)?

Calculate b/a and enter score.
How many applicable units (answer of Y or N on 3B)?
How many units with answer of Y (see 3B)?

Calculate b/a and enter score,
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METRIC WORKSHEET 3A CSCILEVEL
S1.4(2) a.  How many applicable units (score entered on 38)? —InN/A

b.  What is total score for all applicable units (add applicable

unit scores from 3B)? [:m

¢ Calculate b/a and enter score. [ TN/A
SL4(3) a.  How many applicable units (score entered on 3B)? [ IN/A

b.  What is total score for all applicable units (add applicable

unit scores from 3B)? _IN/A

c.  Calculate b/a and enter score. [:Im
SL4(¥)  a.  How many applicable units (score entered on 3B)? [ INA

b. What is total score for all applicable units (add applicable

unit scores from 3B)? l:@ﬂ

c.  Calculate b/a and enter score. [:lm
SL4(5) a.  How many applicable units (answer of Y or N on 3B)? L [N/A

b.  Hov many units with answer of Y (see 3B)? [__IN/A]

c.  Calculate b/a and enter score. [ In/A

SL4(14)  Is repeated and redundant code avoided (e.g., through utilizing

macros, procedures, and functions)? YININ/A]
SL.5(1) a.  How many applicable units (score entered on 3B)? [ IN/A
3A-21
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METRIC WORKSHEET 3A CSCI LEVEL

b. What is total score for all applicable units (add applicable

unit scores from 3B)? ___IN/A
¢.  Calculate b/a and enter score. —IN/A
S1.5(2) a. How many applicable units (score entered un 3B)?

b. What is total score for all applicable units (add applicable
unit scores from 3B)?

¢.  Calculate b/a and enter score.
SI.5(3) a.  How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

Si.6(1) a.  How many applicable units {(answer of Y or N on 3B)? N/A
b. Fow many units with answer of Y (see 3B)?
¢.  Calculate b/a and enter score.

ST.U(1) a.  How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable
unit scores from 3B)?

CINA

CINA

c.  Calculate b/a and enter score.
L
. LE

¢.  Calculate b/a and enter score. L IN/A

) " ST.1(2) a.  How many applicable units (score entered on 3B)?

:

2

(atate?l T
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METRIC WORKSHEET 3A

What is total score for all applicable units (add applicable
unit scores from 3B)?

Calculate b/a and enter score
How many applicable units (score entered on 3B)?

What is total score for all applicable units (add applicable
unit scores from 3B)?

Calculate b/a and enter score.
How many applicable units {score entered on 38)?

What is total score for all applicable units (add applicable
unit sceres from 3B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?
How many units with answer of Y (see 3B)?
Calculate b/a and enter score.

How many units in this CSCI?

How many units modify the internal code or data of other
units?

Calculate 1-(b/a) and enter score.

How many applicable units {score entered on 3B)?
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b.

ST.2(2) a.

Co

ST.2(3) a.

0.

C.

ST.2(4) a.
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What is total score for all applicable units (add applicable
unit scores from 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What is total score for all applicable nits (add applicable
unit scores from 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What is total score for all applicable units (add applicable
unit scores from 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What 1s total score for all applicable units (add applicable
unit scores from 38)?

Calculate b/a and enter score.

ST.3(2) Is 1/O isolated from computation in the design?

How many applicable units (answer of Y or N on 38)?
How many units with answer of Y (see 3B)?

Calculate b/a and enter score.
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METRIC WORKSHEET 3A

ST.3(%)

ST.4(1)

ST.4(2)

ST.4(3)

ST.4(4)

[

Cs

b.

c.

CSCI LEVEL

How many units mix the managament of primary and secondary storage

resources with the management of data within the storage areas (e.g.,

executive unit that atlocates storage for a process and controls what

data can be accessed during process execution)?

Calculate 1/(1+a) and enter score.

How many appiicable units (score entered on 3B)?

What is total score for all applicable units (add applicable

unit scores from 3B)?

Calculate b/a and enter score.

How many applicable units (score entered on 3B)?

What is total score for all applicabie units (add applicable

unit scores from 3B)?

Calculate b/a and enter score.

How many global data items are used in the CSCI?

How many global data items are modified by one

unit and referenced by other units?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 3B)?

How many units with answer of Y (see 3B)?

Calculate b/a and enter score.
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METRIC WORKSHEET 3A

ST.4(5)

5T.5(1)

ST.5(2)

ST.5(3)

ST.5(4)

TC.UD)

a.  How many applicable units (answer of Y or N on 3B)?
b.  How many units with answer of Y (see 3B)?

c.  Calculate b/a and enter score.

a.  How many applicable units (answer of Y or N on 38)?
b.  How many units with answer of Y (see 3B)?

¢.  Calculate b/a and enter score.

a.  How many appiicable units (answer of Y or N on 3B)?
b.  How many units with answer of Y (see 3B)?

¢.  Calculate b/a and enter score.

a. How many applicable units (answer of Y or N on 3B)?
b.  How many units with answer of Y (see 3B)?

¢.  Calculate b/a and enter score.

a.  How many applicable units (answer of Y or N on 38)?
b.  How many units with answer of Y (see 3B)?

¢.  Calculate b/a and enter score.

Dons the description of each software unit identily all the specified

requirements (at the top-lesel CSC or CSCI level that the unit helps

satsfy”?
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METRIC WORKSHEET 3A CSCI LEVEL

TC.1(2) Is the decomposition of all top-level CSC's into lower-level CSC's and
software units graphically depicted? !

i e 2 e e e -

:

TN Are there lesson plans and training materials for operators, and users,

and maintainers of the systemn (CSCI)? YN IN/A l
1]
TN.I(2)  Are realistic simulation exercises provided for the system (CSCD? (YINTN/A .
TN.I(3) re "help" information and diagnostic information provided for the operator, ;
end user, and maintainer of the system (CSCI) {e.g., an on-line list of legal
~mmands or a list of the sequential steps in a process are provided)? (YT N IN/A]

TN.L(®)  Can system (CSCI) users select a level of aid and guidance according to their
degree of expertise?

VS.1(1) a.  How many applicable units (score entered on 38)?

b.  What is total score for all applicable units (add applicable
unit scores from 3B)?

. Calculate b/a and enter score.

B L N SR i e

G g0 0

1

[}

VS.1(2) a.  How many applicable units (score entered on 3B)? v

»

»

5. What is total score for ail appiicabie units (ada applicable ’

. E

unit scores from 3B)? ;

¢.  Calculate b/a and enter score. N/ N

'

vS.2(1)  a.  How many total interfaces are there between units in the CSCI? .

.

b.  How many unit interfaces are (to be) tested? L

¢.  Calculate b/a and entce score. CINR .

3

3
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METRIC WORKSHEET 3A CSCI LEVEL
vS.3(1) Are all spectiicd perfcrmance requirements (to be) tested? YTNTN/A
VS.3(2) Are all units of this CSCI (1o be) exercised during CSCI testing? N/A.
vS.3(3) Is there (to be) a summary table listing all test inputs and test

outputs for the CSCI? YT NI NJA
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METRIC WORKSHEET 2A CSCI LEVEL
GLOSSARY

Argument List: A list of daza elements that specify the input and ocutput parameters
used during execution of a software unit.

Cohesion Value: The type of relationship that exists amony the elements of each software
entity (Function, CSCl, Unit). The following are relative values for seven types of
cohesion.

COHESION TYPE  YALUE

7)  Functional 1.0
6) Informational 0.7
5}  Communicational 0.5

4)  Procedural 0.3
3)  Classical 0.1
2)  Logical 0.1
1) Coincidental 0.0

The {ollowing are descriptions of the seven types of cohension.
1}  Coincidental
. No meaningful relationships among the elements of an entity.
. Difficult to describe the medule's function(s).
2)  Logical
. Entity performs (at each jivocation) one of a class of related functions (a.g.,
"edit all data").
. Entity performs more than one function.
3)  Classical
. Entity performs one of a class of functions that are related in time (Program
orocedure).
. Entity performs more than one function.
4)  Procedural
. Enuty performs more than one function, where the functions are related with
respect to the procedure of the problem (Problem procedure).
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METRIC WORKSHEET 3A CSCI LEVEL

GLOSSARY (continued)

5)  Communicational
. Entity has procedural sirength; in addition, all of the elements "communicate"
with one another (e.g., reference same data or pass data among themselves).
. All functions use the same data.

6)  Informational
. Entity performs multiple functions where the functions (entry points in the
entity) deal with a single data structure.
. Physical packaging together of two or inore entities having functional strength.
. All functions use the same data.

7)  Func*ional

- All entity elementis ave related to the performance of a single function.

Communication Channel: The pathways along which data/messages are communicated to

the various system components or nodes (i.e., other computer, data storage units,
special processors, etc.).

Control Elements: Any data items that sefect an operating mode or submode in the
software unit, direct the sequential flow, or otherwise directly influence the
function of the unit.

Control Varjables: Any data items that <elect an operating mode or submode in the

seftware unit, direct ¢

function of the unit.

Coupling: The type of relationship that exists between two software entities (Functions,
CSCls, Units). In achieving a highly modular design it is essential to
minimize the relationships among software entities. The goal 15 to design sofiware
entities with low coupling. The scae of coupling from worst to best is: (1) Centent
Coupling, 2) Common Coupling, 3) External Coupling, %) Control Coupling, 5) Stamp
Coupling, and €) Data Coupling.
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METRIC WORKSHEET 3A CSCILEVEL

GLOSSARY (continued)

1) Content Coupling - One software «ntity references the contents of another soft vare
entity.

2)  Common Coupling - Software entities reference a shared global data structure.

3)  External Coupling - Software entities reference the same externally declared
symbol.

%)  Control Coupling - Une software entity passes control elements as arguments to
another software entity.

) Stamp Coupling - Two software entities reference the same data structure, which is
not global.

6) Data Coupling - One software entity calls another and the software entities are not
coupled as defined above (in 1 through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).
Data item: A specific entity of daca (e.g., variable, constant, coefficient, etc.).
Data Reference: A specific entity of data (e.g., varianie, constant, coefficient, c¢c.).

Database Management Scheme: The methods and ommands used to access or operate the
database management software system.

Design Representation: A formal statement of the uetails or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,
HIPO Charts, PDL, etc.

Halstead's Leve! of Difficulty: The metric is based on Halstead's concept of the level of

difficulty. A zrogram with a high value of difficulty s likey to be more difficult to
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METRIC WORKSHEET 3A CSCI LEVEL

GLOSSARY (continued)

construct and this may lead to more errors. The level of difficulty is a measure of
“"error-proneness”. Programming difficulty increases if additional operators are
introduced and if an operand is used repetitively.

1/0 Channel: The pathways alorg which data/messages are communi~ated to the various
user-oriented peripherals in the system (CRT, Printer).

Lines of Code: The number of lines of source code, excluding comment lines and blank

lines.

Microcode Instructions: A low-level computer instruction specifying a single machine

operation.

Multiple Transfer Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test performed to validate the object of interest over the complete
spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects
(i.e., table index, array index, etc.).
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METRIC WORKSHEET 3B

UNIT LEVEL

WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

l.
2.
3.
4.
5.

Enter the name and contract number of the project.

Enter the vate the worksheet is prepared (month, day, year).

Enter the name of the person responsit:le for completing the worksheet.

Enter the name of the entity to which the worksheet is applied.

Enter the number and name of all documentation which is used as source
material for answering the metric questions in Secticn B.

Enter comments reflecting the inspector’s observations on product quality and
any additional information regarding specific metric questions.  Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,
N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.

38-)
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METRIC WORKSHEET 3B UNIT LEVEL

SECTION A - GENERAL INFORMATION

. PROJECT

DATE

INSPECTOR

PRODUCT

SOURCE DOCUMENTATION:

w & W~

6. INSPECTOR COMMENTS:

3B-2
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METRIC WORKSHEET 38

SECTION B - METRIC QUESTIONS

AM.1(3)

AM.2(7)

AP

AP.2{1)

AP.2(2)

AP.2(3)

AP.2(4

AP.3(1)

AP.4(1)

AT.1M1)

d.

d.

UNIT LEVEL
When an error condition is detected, is resolution of the error determined
by the calling unit? YINTNY

Is a check performed before processing begins <o determine that all data
is available?

3
3

Is this unit free from specific references to the data base inanagement scheme
(e.g., all data calls for data base information are processed through
an executive)?

i

How many parameters in the argument list for the unit?

How many global variables are referenced by the unijt?

LLE

Calculate d/(d+e) and enter score.

pd
~

Do the comments for global data explain where the data is derived, the
data's composition, and how the data is used?

<]
&
<
>

Is the logical processing free from specific data storage and retrieval

b4

references (e.g., data symbolically defined ard rafarenced)?

Is the unit free from specific references to the computer
architecture?

Is the unit free from microcode instruction statements?

Are all variable dimensions and sizes of dynamic arrays defined parametri-
cally? {Note that this question must be answered N rather than N/A where

:

the language does not provide for parametric definition.)

3

(]
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AT.2(1)

AT.2(2)

CP.I(1)

CP.1(2)

CP.1(4)

CP.1(9)

CP.1(10)

CS.1(1)

 S.1(2)

CS.1{3)

d.

d.

d.

d.

e.

f.

d.

f.

d.

d.

UNIT LEVEL
Are all accuracy, convergence, timing attributes, and timing limitations
defined parametrically? Y INTN/A]
Are tables used in a manner which would ease the task of changing or
expanding capability? Y [N TN/A]
Are all inputs, processing, and outputs clearly and precisely defined? (YIN]N
How many data references are inentified? | ]:ZE
How many identified data references are documented with
regard to source, meaning, and format?

Calculate e/d and enter score.

How many data references are identified?

How many identified data references are computed or obtained
from an external source (e.g., referencing global data with

preassigned values, input paramerers with preassigned values)? | IN/A

Calculate e/d and enter score.

Are all conditions and alternative processing options defined for
each decision point?

Are all parameters in the argument list used?

Are all design representations in the formats of the established standard?

Does the calling sequence protocol (between units) comply with estab-
lished standard?

Does the I/O protocol and format comply with the established
standard?

A-118
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CS.1{%)

CS.I{5)

cs.2(1)

CS.2(2)

Cs.2(3)

Cs.2(6)

EP.1(2)

EP.1(%)

EP.1(6)

d.

d.

d.

d.

UNIT LEVEL

Does the handling of errors comply with the established standard? [Y INTN/A]
Do all references to this unit use the same, unique name?
Does all data representation comply with the established standard?
Does the naming of all data comply with the established standard?
is the definition and use of all global variables in accordance with

the established standard? Y ININ/A]
Do all references to the same data use a single, unique name?

How many loops in this unit (while, repeat until, and iteration
loops)?

How many loops contain non-loop dependent statements (e.g.,

inttializing a non-loop dependent variable)? (IN/A

Calculate 1-{e/d) and enter score.

How many instances of two or more operations in an expression

(i.e., compound expression)?

How many compound expressions are recalculated needlessly (alt
variables in the expression have not been reassigned values)?

Calculate 1-(e/d) and enter score.

How many instances of bit/byte packing/unpacking are

performed?
IV

How many instances of bit/byte packing/unpacking are performed
needlessly within a loop {could be performed outside the loop)}?
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EP.2(4)

EP.2(5)

EP.2(7)

ES.1(6)

FS.K1)

GE.2(2)

GE.2(3)

GE.2(%)

o

e.

f.

e.

f.

d.

Calculate 1-{e/d) and enter score.
How many arithmetic expressions?

How many arithmetic expressions with different sized components
in the same expression (e.g., byte/word/doubls word)?

Calculate 1-{e/d) and enter score.
How many arithmetic expressions?

How many arithmetic expressions with mixed data types in the

same expression (e.g., integer/real/boolean/lizeral)?
Calculate 1-(e/d) and enter score.

How many data items (e.g., arrays, constants, variables)?
How many data items are modified?

Calculate I-{e/d) and enter score.

Are there any data packing operations?

Does this unit perform a single function?

Is this unit free from machine-dependent operations?

Is this unit free from strict limitations on the volume of data items
it processes (e.g., data volume limits are parameterized)?

Is this unit free from strict limitations on the values of input data
(e.g., no error tolerances are specified; no range tests or
reasonableness checks are performed)”
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DKL) d

f.

ID.1(3) d.

MO.1(3) d.

MO.I(®)  d.

e.

MO.I{5)  d.

YO.i(6)  a.

Mo.l(7) d.

MQ.I(3) 4.

IS %

c
Z
-t
[
m
<
m
=

!
]

How many estimated lines of code, excluding comments?

How many references to system library routines, utilities, or
other system-provided facilities?

Calculate 1-(e/d) and enter score.

Is the software free from using any non-standard constructs of the
implementation lunguage(s)?

Are the estimated lines of source code for this unit 100 lines or
less, excluding comments?

How many parameters are there in the calling sequence?

How many calling sequence parameters are control variables (e.g..
select an operating mode or submode, direct the sequential flow,
directly influence the function of the software)?

Calculate e/d and enter score.

Is all input data passed into the unit through calling sequence
parameters (i.e., no data is input through global areas or input

statements)?

Is output data passed back to the cailing unit (e.g., through calling

.5 g dggpé
Zl: -
(84" Yh e

sequence parameters or global areas)?

Is control always returned to the calling urit when execution is

&
z
>

completed?

Is temporary storage (i.e., workspace ceserved for intermediate or partial
results used only by this unit during execution (i.e., i not shared with
other units)?

-

3B-7
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MO.L(M

MO.2(5)

SD.3(5)

SL1(2)

SL.1(3)

SLi(4)

SL1(5)

SL3(D)

SE4(1)

SLu(2)

d.

d.

d.

d.

d.

f.

&

Dees this unit have a single processing objective (i.c., all
processing within this unit is related to the same objective)?

What is the cohesion value of this unit?
Is the unit structured in the standard established format?

Is the unit independent of the source of the input and the
destination of the output?

Is the unit independent of the knowledge of prior processing?

Does the unit description/prologue include input, output,
processing, and limitations?

How many entrances into the unit?
How many exits from the unit?
Calculate (1/d+1/e)(x%) and enter score.

How many conditional branch statements are there (e.g.,
IF, WHILE, REPEAT, DO/FOR 1.OOP, CASE)?

How many unconditional branch statements are there (e.g.,
GO TO, CALL, RETURN)?

Calculate 1/(1+d+e) and enter score.

Is the flow of control from top to bottom (i.e., flow of control

does not jump erratically)?

UNIT LEVEL

YININTA

<]
2
z
>

How many estimated lines of nurce code, excluding comments?
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e. How many negative boolean at.4 compeund boolean expressions
are used?

f.  Calculate 1-{e/d) and enter score.

S1.4(3) d How many loops (e.g., WHILE, DO/FOR, REPEAT)?

e. How many loops with unnatural exits (e.g., jumps out of loop,
return statement)?

J 0y

f.  Calculate 1<{e/d) and enter score.

g

SL.4(%) d.  In many iteration loops (i.e., DO/FOR loops)?

e. In how many iteration loops are indices modified to alter the
fundamental processing of the loop?

LR

S

f.  Calculate 1-{e/d) and enter score.

SL.4(5) d. s the unit free from all self-modification of code (i.e., does not
alter instructions, overlays of code, etc.)?

S1.5(1) d.  How many data items are used as input?
e.  Calculate 1/(1+d) and enter score.
S1.5(2) d.  How many data items are used for output?

e. How many parameters in the units calling sequence return
output values?

f.  Calculate e/f and enter score.

inni
TRRI

SL.5(3) d.  Does the umit perform a singie, nondivisible function?
3B.9
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METRIC WORKSHEET 38 UNIT LEVEL
S1.6(1) d.  How many unique operations® [ IN/A

e. How many unique operands?
f. How many total operands?
g Calculate ! -(2xe)/(dx{) and enter score.

ST.H(L) d.  How many data items are in this unit's interface (i.e., data
items used to input or output data)?

e.  Calculate 1/(1+d) and enter score.
ST.I(2) d.  How many global data items are in this unit's interface are

not adequately commented (i.e., lack comments regarding the
purpose, type, or {imitations)?

| o0t
E!E!E
]

e. Calculate 1/d and enter score.

g

d

ST.2{3) d. How many data items are in the unit's interface?
e. How many interface data items are in the unit with negative
qualification logic (e.g., booi#an values that return "TRUE"
upon failure rather than success)?

t. Calculate 1-{e/d) and enter score.

ST.1(%) d

How many data items are in this unit's interface?

e.  Calculate 1/(1+d) and enter score.

ST.1(5) d

Is the unit interface established solely by arguments in the

R

calling sequence parameter list?

e

v
<
LR
P

o
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R
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METRIC WORKSHEET 3B UNIT LEVEL
ST.2(1) d.  Hew many unique executlon paths are in the unit? (IR

e. Calculate 1/d and enter score. [:Im

ST.2(2) d. How many conditional branch statemants are there (e.g., IF, WHILE,

REPEAT, CASE)?

e.  Calculate 1/(1+d) and enter score.

ST.2(3) d.  How many other units are called by this unit (e.g., calls to other
functions, vubroutines, and procedures)?

e. Calculate 1/(1+d) and enter score.

ST.2(4) d. How many iteration loops are there in the unit (e.g., DO/FOR
loops)?

ST.3(3)  d. Is temporary storage (i.e., workspace reserved intermediate or partial
resuits) used only by this unit during execution (i.e., is not shared
with other units)?

ST.4(1)  d.  How many global data items are used in the unit?

e. How many parameters are in this unit's calling sequence
parameter list?

__IN/A
I8/

C I8
1873

e. Calculate 1/(1+d) and enter score.
(CINA

f.  Calculate e/d and enter score. L IN/A
ST.4(2) d.  How many global data items ure used in this unit? CInN/A
e. Calculate 1/(1+d) and enter score. |~ TN/A
3B.-11
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METRIC WORKSHEET 3B UNIT LEVEL

ST.4(4)  d.  Does this unit have a single entrance (i.e., all units calling this
unit must enter at the same location)?

<]
i
2.
5

ST.4(5) d.  Does this unit's communication with all interfacing units pass only

data parameters (i.e., does not pass any control elements)?

<
2
é!

ST.5(1) d. s the unit free from unnecessarily recomputing the same value?

5
g

ST.5(2) d. Is the unit {ree from statements which are never executed?

ST.5(3) d. Is the meaning of each data item consistent throughout the unit (i.e.,
the use associated with each data item does not change)?

] ]
z =
g é

ST.5(4)  d. s the unit free from unnecessary intermediate data items? N/A
VS.I(D) d.  How many execution paths are there?

e.  How many execution paths are (to be) tested?

f.  Calculate e/d and enter score. [ IN/A
VS.1(2) d. How many total input parameters are there?

e.  How many input parameters are to be tested? N/

{. Calculate e/d and enter score.
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METRIC WORKSHEET 38 UNIT LEVEL

GLOSSARY

Argument List: A list of data elements that specify the input and output parameters
used during execution ot a software unit.

Cohesion Value: The type of relationship that exists among the elements of each software
entity (Function, CSCI, Unit).

COHESION TYPE  VALUE

7)  Functional 1.6
6)  Informational 0.7

5)  Communicational 0.5

4)  Procedural 0.3
3)  Classical 0.1
2)  logical 0.1
1) loincidental 0.0

The following are descriptions of the seven types of cohension.
1) Coincidental
- No meaningful relationships among the elements of an entity.
. Difficult to desctibe the module's function(s).
2)  Logical
. Entity performs (at each invocation) one of a class of related functions (e.g.,
edit all data").

. Entity performs more than one function.

Classical

. Entity performs one of a class of functions that are related in time (Program
procedure).

. Entity performs more than one function.

P-ocedural

. Entity performs more than one function, whera the functions are related with
respect to the procedure of the problem (Problem procedure).

3B8-13
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GLOSSARY (continued)

5)  Communicational
. Entity has procedural strength; in addition, all of the elements "communicate"
with one another (e.g., reference same data or pass data among themselves),
. All functions use the same data.

6)  Informational
. Entity performs multiple functions where the functions (entry points in the
module) deal with a single data structure,
. Physical packaging together of two or more entities having functional strength.
.+ All functions use the same data.

7)  Functional
. All entity elements are related to the performance of a single function.

Communication Channel: The pathways along which data/messages are communicated to

the various system components or nodes (i.e., cther computer, data storage units,
special processors, etc.).

Control Element Any data items that select an operating mode or submode in the

software unit, direct the sequential flow, or otherwise directly influence the function of
the unit.

-

RN
PR A

s e

37y

Control Variables: Any data items that select an operating mode or submode in the

RN
L

software unit, direct the sequential flow, or otherwise directly influence the
function of the unit.

v l 1' v
W

*

r *x
*
[\

Coupling: The type of relationship that exists between two software entities (Functions,
CSCls, Units). In achieving a highly modular design it is essential to
minimize the relationships among software entities. The goal is to design software
entities with low coupling, The scae of coupling from worst to best is: (1) Content
Coupling, 2) Common Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp
Coupling, and 6) Data Coupling.

e :"(
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GLOSSARY (continued)

1) Content Coupling - One software entity references the contents of another software
entity.

2)  Common Coupling - Software entities reference a shared global data structure.

3)  External Coupling - Software entities reference the same externally declared
symbol.

4)  Control Coupling - One software entity passes controi elements as arguments to
another software entity.

5)  Stamp Coupling - Two software entities reference the same data structure, which is
not global.

6)  Data Coupling - One software entity calls another and the software entities are not
coupled as defined above (in 1 through 5).

Data Element: A specific entity of data (e.g., variable, censtant, coefficient, etc.).
Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).
Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,
HIPO Charts, PDL, etc.

Haistead's Level of Difficulty: The metric is based on Halstead's concept of the leve! of
difficalty. A program with a high value of difficulty is likey to be more difficult to

construct and this may lead to more errors. The level of difficulty is a measure of

3B-15
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METRIC WORKSHEET 3B UNIT LEVEL

GLOSSARY (continued)

“error-proneness". Programming difficuity increases if additional operators are
introduced and if an operand is used repetitively.

1/O Channel: The pathways along which data/messages are communicated to the various
user-oriented peripherals in the system (CRT, Printer).

Line: of Code: The number of lines of source code, excluding comment lines ana blank

lines.

Microcode Instructions: A low-level computer instruction specifying a single machine

operation.

Multiple Transfer Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test performed to validate the object of interest over the complete
spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects
(i.e., table index, array index, 2tc.).

3B-16
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METRIC WORKSHEET 4A CSCI LEVEL
WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1.  Ent-r the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3.  Enter the name of the person responsible for completing the worksheet.

4.  Enter the name of the entity to which the worksheet is applied.

5.  Enter the number and name of all documentation which is used as source
material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and
any additional information regarding specific metric questions.  Attach
additional sheets, as necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,
N = no, N/A = nnt applicable) or by entering the appropriate value. A glossary of
terms is provided 2t the end of this section.
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SECTION A - GENERAL INFORMATION

1. PROJECT
DATE
INSPECTOR
PRODUCT

B

woF WwN

SOURCE DOCUMENTATION:
6. INSPECTOR COMMENTS:
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AC.1(8)

AM.1(3)

AM.2(2)

AM.2(3)

AM.2(4)

AM.2(5)

AM.2(6)

AM.2(7)

AM.3(2)
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METRIC WORKSHEET %A CSCI LEVEL

SECTICON B - METRIC QUESTIONS

Do the outputs associated with applicable fur.tions (e.g., mission critical

functions) provide enough precision to support accuracy objectives? Y TN INJA
a.  How many applicable units (answer of Y or N on 4B8)? ____IN/A
b.  How many units with answer of Y (see 4B)? [ InA
¢.  Calculate b/a and enter score. _TN/R

Are values of all applicable externa) inputs with range specifications checked
with respect to specified range prior to use? FININ/A]

Are all applicable external inputs checked with respect to specified conflicting
requests prior to use? YN N/A]

Are all applicable external inputs checked with respect to specified illegal

combinations prior to use? FINTN/A]

Are all applicable external inputs checked for reasonableness before processing

begins? Y[ NN/A]
Are all detected errors, with respect to applicable external inputs, reported

before processing begins? YTNTN/A)
a. How many applicable units (answers of Y or N on 4B) [:]EE

b, How many units with answer of Y (see 4B)

c.  Calculate b/a and enter score. LI N/A

Are all critical loop and multiple transfer index parameters {e.g., supporting
a mussion critical function) checked for out-of-range values before use? YTNIN/A

4A-3
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AM.3(3)

AM.3(4)

AP.I(1)

AP.2(1)

AP.2(2)

AP.2(3)

AP.2(4)

METRIC WORKSHEET 4A

Are all critical subscripts (e.g., supporting a mission critical function)
checked for out-of-range values before use?

Are all critical output data {e.g., supporting a mission critical function)
checked for reasonable values prior to final outputting?

a.  How manv applicable units (answer of Y or N on 48)?
b.  How many units with answer of Y (see 48)?

¢.  Calculate b/a and enter score.

a.  How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable unit
scores from 4B)?

c.  Calculate b/a and enter score.

a.  How many applicable unijts (answer of Y or N on 4B)?
b. How many units with answer of Y (see 4B)?

¢.  Calculate b/a and enter score.

a. How many applicable units (answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)?

¢.  Calculate b/a and enter score.

a.  How many applicable 'mits (answer of Y or N on 4B)?

b.  How many units with answer of (see 48)?
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METRIC WORKSHEET %A CSCi LEVEL

¢.  Calculate b/a and enter score.
AP.3(1) a.  How many applicable units (answer of Y or N on 48)? T NI

b.  How many units with answer of Y {(see 4B)? TINA

¢ Calculate b/a and enter score. [T N/A
AP.3(2) a. How many applicable units (score entered on 48)? 1N/A

b.  What is total score for all applicable units (add applicable unit

scores from 4B)?

¢.  Calculate b/a and enter score. R
AP.4(1)  a.  How many applicable units (answer of Y or N on 4B8)? IN/A
b.  How many units with answer of Y (see 4B)? [IN/RH

¢.  Calculate b/a and enter score, —T~A
AT.I{(1) a. How many applicable units (answer of Y or N on 4B)? N/A|
b.  How many units with answer of Y (see 4B)? R RTE

(3

¢.  Calculate b/a and enter score,

|
g

' AT.1(2) a.  What is the total memory space ailocated? [In/A
.,_:‘ b.  What is the actual memory space used (total less spare)? [IN/A
i)
LY c.  Calculate 1-(b/a) and enter score. —THA

AT.1{3) 2.  What is the total auxuliary storage space allocated? —1N/F
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METRIC WORKSHEET %A

What is the actual auxiliary storage space used (total less
spare)?

Calculate 1-(/a) and enter score.
How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?
How many units with answer of Y (see 48)?

Calculate b/a and enter score.

What is the total processing time allocated?

What is the actual processing time used (total less spare)?
Calculate 1-(b/a) and enter score.

What is the total [/O channel time allocated?

What is the actual channsl time used (total less spare)?

Calculate 1-(b/a) and enter score.

Note, for more than one I/Q channel, list answers to a., b., and c.

below and enter average of answers in boxes above.

1/O CHANNEL e b.

il

s
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AT.3(2) a.  What is the total communication channel time allocated?

. - - . .
" b. What is the actual communication channel time used (total .
Y
o less spare)? C 183 ‘
.
< .
N v
i c.  Calculate 1{b/a) and enter score. ‘
Al !
E- Note, for more than one communication channel, list answers to a., *
g .
b b., and c. below and enter average of answers in boxes above. ’
1 H
& l
3 COMMUNICATION !
CHANNEL a b. c. i
A
hY
I—— -_— - ‘
{
— — — H
»
L]
AU.1(2) a.  How many lines of source code, excluding comments? E:@ ;
'
LY
h. riow many lines of source code necessary to handle hardware .
and device interface protocol? ¢
N
13
c.  Calculate 1-(b/a) and enter score. ;
>
AU.1(3) a.  How many units? ____IN/A ?
v/
¢
b.  How many units perform processing of hardware and/or device :
interface protocol? [ IN/A 8
c. Calculate 1{b/a) and enter score. —1NA
. 5
g o
L )
ju -
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AULI(4)  a.  How much processing time is typically spent executing the

entire CSCI? [ T~A

b.  How much processing time is typically spent executing the
hardware and device interface protocol units? | N/A

c.  Calculate 1-{5/a) and enter score.
CL.I{7) a. How many units receive inputs from other systems?
b.  Calculate 1/a and enter score.

CL.I(8} a. How many units transmit outputs to other systems?

CL.2(1) Do all data representations and translations comply with the
established standard?

b.  Calculate 1/a and enter score. E:]m
Y ININ/A]
CL.2(2) a. How many units perform data translations? R VE

b.  Cziculate 1/a and enter score. 1IN

CP.}(2) a. How many applicable units (score entered on 4B)?

b.  What i< rotal score for all applicable units (add applicable

unit sccres from 4B)?
c.  Calculate b/a and enter score.
CP.1(3) a.  How many data items are defined (i.e., documented with regard
to source, meaning, and format)? (T TSR
b.  How many defined data items are referenced? 1IN

A-138
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CP.1(%)

CP.1(9)

CP.I(10)

CP.1(1D)

b.

C.

b.

Calculate b/a and enter score.
How many applicable units (score entered on 4B8)?

What is total score for all applicable units (add applicable
unit scores from 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?
How many units with answer of Y (see 4B)?
Calculate b/a and enter score.

How many applicable units (an=wer of Y or N on 48)?
How many units with answer of Y (see 4B)?
Calculate b/a and enter score.

How many software problem reports have been recorded, to
date?

How many recorded software problem reports have been closed
(resolved), to date?

Calculate b/a and enter score.
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METRIC WORKSHEET 4A

CS.1(2)

CS.1t3)

CS.1(®)

CS.1(5)

Cs.2(1)

CS.2(2)

a.

a.

a.

b.

C.

Q.

b.

c.

a.

a.

How many applicable units (answer of Y or N o 48)?

How many units with answer of Y (see 4B)?

Calculate b/a aad enter score.

How many applicable units (ar<wer of ¥ or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y {see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 48)?

Calculate b/a and enter score.

A-140

CSCI LEVEL

Z

J 0000040

<
<
X

NI

e

4A-10

P . B s g At — Ve IR



-’

Cs.2(3)

Cs.2(6)

DO.i(1)

DO.2(1)

D0.2(3)

DO.2(6)

DO.2(3

EP.1(2)

Zeiaf L AN T I D T R S S R AT S A T ) SR

METRIC WORKSHEET %A

a. How many applicable units (answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)?

¢.  Calculate b/a and enter score.

a. How many applicable units (answer of Y or N on 48)?
b. How many units with answer of Y (see 4B)?

c. Caiculate b/a und enter score.

Are current versions of all software documentation related
to the project free from access control (i.e., any member of
the current project or other projects may access a copy of
any document)?

Is all the documentation structured and written clearly and

simply such that procedures, functions, algorith'ms, ¢tc. can
be easily uaderstood?

Does zach document conta:n an indexing scheme which facilitates
qu:ckly locating and accessing various information in the

document (e.g., hierarchical structured table of contents,
inserted tabs)?

Do the software specifications and design and test documentation
have separate volumes or sepaiation within a single volume based

on system functions, software func lons, or software elements?

Are all the software listings included in the software documentation?

a.  rlow many applicable units (score entered on 3B)?

b.  What is total score for all applicable units (add apphicable

A-141
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METRIC WORKSHEET %A

unit scores from 3B)?

c. Calculate b/a and enter score.

How many applicable units (score entered on 4B)?

£P.1(3) a.
What is total score for all applicable units {add

b.
applicable unit scores from 4B)?

¢.  Calculate b/a and enter score.

How many applicable units (score entered on 4B)?

EP.1(4) a.
What is total score for all applicable uniis (add

b.
applicable unit scores from 4B)?

C. Calculate b/a and enter score.

EP.1(5) a. How many different overlays are used in this CSCI?

b. Calculate 1/a and enter score.

How many anplicable units (score entered on 4B)?

EP.I(6) a.
What is total score for all applicable units (add

b.
applicable vnit scores from 4B)?

¢c.  Calculate b/a and enter score.

How many applicable units (score entered on 4B)?

EP.2(4) a.
What 1s total score for all agplicable units (add

applicable uni¢ scores from 48)?
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METRIC WORKSHEET 4A CSCI LEVEL

c.  Calculate b/a and enter score. —_I~/A
EP.2(5) a. How many applicable units (score entered on 4B)? L

b.  What is total score for all applicable units (add

applicable unit scores from 4B)? 1WA
c.  Calculate b/a and enter score. [ _IN/A
EP.2(7) a. How many applicable units (score entered on 4B)?
b.  What is total score for all applicable units (add
applicable unit scores from 4B)?

c.  Calculate b/a and enter score.

b. How many global variables are referenced by more
than one name?

[ IN7A
ES.1(3) a.  How many globai variables?
[ Tv7A

c.  Calculate 1-(b/a) and enter score.

ES.1(4) Does the separation of the CSCI into segments (i.e., load
modules) efficiently utilize the segmented memory space
available {e.g., minimizing the largest CSCi segment iength
to minmimize the memory segment size required for module
execution)?

4
¥

;s

L4

b
e
S0

b.  How many units with answer of Y (see 4B)?

O L

L

c.  Calculate b/a and enter score.

ES.1(6) a.  How many applicable units (answer of Y or N on 4B)?
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METRIC WORKSHEET 4A
ES.1(7) a. How many total software units?
b. How many software units are optimized for storage efficiency
(i.e., compiled with a storage optimizing compiler or coded
in assembly language)?
c. Calculate 1-{b/a) and enter score.
ES.1(8) Is the CSCI free from redundant storage of files and libraries

(e.g., duplicate copies at different nodes in a network;
multiple versions of the same file are not part of the working CSCI)?

FS.1(1) a.  How many applicable units (answer of Y or N on 4B)?
b. How many units with answer of Y (see 4B)?
c. Calculate b/a and enter score.
FS.1(2) a.  How many applicable units (answer of Y or N on 4B)?
b. How mariy units with answer of Y (sec 4B)?
c.  Calculate b/a and enter score.
GE.I(1) a. How many units in total?
b. How many units are called by more than one other unit?
GE.2(1) a.  How many units in this CSCI?
b.  In how many units are the following processing

categories mixed: external input, external output,

algorithmic processing?
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METRIC WORKSHEET 4A CSCI LEVEL

. Calculate 1<(b/a) and enter score.

)

GE.2(2) a. How many applicable units {answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)?
c. Calculate b/a ana enter score.

GE.2(3) a. How many applicable units (answer of Y or N on 48)?
b.  How many uniis with answer of Y (see 4B)?
c.  Calculate b/a and enter score.

GE.2(4) a, How many applicable units (answer of Y or N on 48)?
b,  How many units with answer of Y (see 4B)?
¢. Calculate b/a and enter score.

ID.1(1) a.  How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable
unit scores from 4B)?

c.  Calculate b/a and enter score.

EPIRIATE

ID.1{3) a. How many applicable units {answer of Y or N on 48)?

b. How many units with answer of Y (see 4B)?

:

c. Calculate b/a and enter score.

|

1D.2(2) a.  How many units in the CSCI?

!

v

|

'
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-,

- b.  How many units in the CSCI perform external input/output? i [N/H

6%~

c. Calculate 1-{b/a) and enter score.

ID.2(3) a. How many units in the CSCI?

b.  How many units in the CSCI contain operations dependen:
on word or chararter size?

1D.2(%) a. How many units in the CSCI?

b.  How many units in the CSCI contain data element represcntations
that are machtne dependent?

-
A

c.  Calculate t-{b/a) and enter score. R EY
VA

¢.  Calculate 1-{b/a) and enter score.

MO.{(2)  Are all units coded ang tested according to structural

techniques? Y [N]N/A
MO.1(3) a.  How many applicable units (answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)? i [N7A
¢.  Calculate b/a and enter score.
A MO.1(4) a. How many applicable units (answer of Y or N on 4B)?
_? b.  How many units with answer of Y (see 48)?
:[:, c Calculate b/a and enter score.
-‘:‘
’rn"l
(7 MO.1(5) a.  How many applicable units (answer of ¥ or N on 4B)? 1NN
p
b
.
S 4A-16
‘A B
|5
o
o

A-146




MO. K{6)

[
s 5 e

MOQ.1(7)

MO.1(8)

MO.U9)

140.2(2)

METRIC WORKSHEET 4A

b.

C.

a.

a.

C.

a.

C.

How many units with answer of Y (see 48)”

Calculate b/a and enter score.

How many applicable units {answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Cileulate b/a and enter score.

How many applicable units tanswer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How manv interfaces among software units?

How many un:t interfaces include:

bl. content coupling

b2. common coupling

A-147

CSCI LEVEL

Z|

N/

PR TITRT:

N/IA

4A-17




»
-

e

P

¥
[Ny 3

4

METRIC WORKSHEET %A CSCI LEVEL
b3. external coupling L IN/A
¢.  Calculate 1-{{b1+b2+b3)/(3x4)) and enter score. [ TN/A
M0.2(3) a.  How many interfaces among software units? C TN

b.  How many unit interfaces include:

bl. control coupling

b2. stamp coupling

b3. data coupling

LR

4

c.  Calculate ((bl+b2)/(2xa)+(3/a)) and enter szore.

MO.2(5)  a. How many applicable units (score entered on 4B)?

g
“X»

b. What 1s total score for all applicable units 1add applicable
unit scores from 48)?

¢.  Calculate b/a and enter score.

OP.1{(2)  Ace all specified error conditions reported to the operator/user
such that the nature of the error and any response required
by the operator/user are clearly identified and described in

E 2t a )
>4
o faly

ats

e the error message? Y TN N/A
OP.1(3)  Is the capabulity provided for operator/user response to all
reported errors as specified in the requirements? YN [N/A
OP.It1M  a. How many total operator messages and responses are provided?
b.  How manv different format types are used for operator messages
and responses? N/A
4A-18
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FS IS S 2 SN S N 4 4

¢.  Calculate 1-{b/a) and enter score.

5

. ox

SD.I(1)  a.  How many applicable units {(score entered on 4B)?

R

b.  What is total score for all applicable units (add applicable unit
scores from 4B)?

B[

A .

c.  Calculate b/a and enter score.

7.

[

SD.2(1}) a. How many applicable units (answer of Y or N on 4B)?

————
P

By

b.  How many units with answer of Y (sce 4B)?

» TR

¢. Calculate b/a and enter score.

SD.2(2) a.  How many applicable units (answer of Y or N on 4B)?

e

b. How many units with answer of Y (see 4B)?

.

c. Caiculate b/a and enter score.

SD.2(3) a. How many applicable units (answer of Y or N on 4B)? :
b.  How many units with answer of Y (see 4B)? N

Y

c.  Calculate b/a and enter score. N

!

Ki

SD.2(4) a.  How many applicable units (answer of Y or N on 4B)? k
L

b.  How many units with answer of Y {see 4B)?

¢.  Calculate b/a and enter score. :

SD.2(5) a.  How many applicable units (answer of Y or N on 4B)? %
1
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SD.2(6)

$D.2(7)

SD.2(8)

SD.3(1)

SD.3(2)

SD.3(3)
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b.

a.

a.

C.

a.

b.

C.

a.

C.

a.

a.

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

Hew many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

How many units with answar of Y (see 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y ot N on 4B)?
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L)
-

c. Calculate d/a and enter score.

How many units with answer of Y (see 48)? N .

SD.3(4) a.  How manv applicable units (answer of Y or N on 4B)?
b. How many units with answer of Y (see 48)?

¢. Calculate b/a and enter score.

P R e

SD.3(5) 3.  How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

¢c.  Calculate b/a and enter scora,

SD.3(6) a.  How many applicable units (answer of Y or N on 4B)?

b.  How many units with answer of Y (see 48)?

¢c.  Calculate b/a and enter score,

SL.i(2) a. How many applicable units (answer of Y or N on 4%B)?

b.  How many units with answer of Y (see 4B)?

TP

c. Calculate b/a and enter score. N/

S1L.1(3) a. How many applicable units (answer of Y or N on 4K)?

Y

b. How many units with answer of Y (see 48)?

A E P Y T r v o SEARLASMTRA N P v P Rewe S LeLe M. SEr g 4 s e =L

c. Calculate b/a and enter score.

PR RN

'i?\_

SLI(8) a. How many applicanie units (answer of Y or N on 43)” N

Le
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ey
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b.

Ce

SLI(5) a.

C.

SLI6) a.

b.

SLI(7) a.

b.

SLI(10)

SL2(1) a.
b.
c.

SL3(1) a.
b.
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METRIC WORKSHEET 4A

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many unique data items are in common blocks?

Calculate 1/a and enter score.

How many unique data items are in common blocks?

How many unique common blocks?

Calculate b/a and enter score.

Do the descriptions of all units identify all interfacing
units and all interfacing hardware?

How many units in total?

How .nany units are implemented in a structural language
or using a preprocessor?

Calculate b/a and enter score.
How many applicable units (score entered on 48)?

What is total score for all applicable units (add applicable
unit scores from 48)7?
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SLs{1) a.
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S1.4(2) a.

C.

SL4(3) a.

SL4(4) a.

SL4(5) a.

c.

A S Sa U S
" et o im0 e e o g Mg A N s N BN P P W g

METRIC WORKSHEET %A

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?
How many units with answer of Y (see 48)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

What 1s total score for all applicanle units (add applicable
unit scores from 4B)?

Calculate b/a and enter -core.
How many applicable units (answer of Y or N on 4B)?

What is total score for all applicable units (add applicable
unit scores from 48)?

Calculate b/a anc enter srare.
How many applicable units (answer of Y or N on 4B8)?

What is total score for ali applicable units (add applicable
unit scores from 48)?

Caituiale b/a and enter score.
How many applicable units (answer of Y or N on 4B)?
How many un:ts with answer of Y (see 4B)?

Calculate b/a and enter score.
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METRIC WORKSHEET 4A

SL.4(6)

SL.4(7)

SL4(8)

SL4(9)

SL4(10)

a.

a

.

b.

b.

b.

How many applicable units (answer of Y or N on 43)?

What is total score for ail applicable units (add applicable
unit scores from 4B)?

Caiculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

What 1s total score for all applicable units (add applicable
unit scores from 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

What is total score for all applicable units (add applicahle
unit scores frorn 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

What is total score for all applicable units (add applicable
unit scores from 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

What 1s tota! score for all applicable units (add applicable
un1t scores from 4B8)?

Calculate b/a and enter score.
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SL4(12)

SL4(13)

SL4(14)
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a.

o.

C.

METRIC WORKSHEET 4A

How many applicable units (answer of Y or N on 4B)?

What 1s total score for all applicable units (add applicable
unit scores from 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

[s repeated ana redundant code < roided (e.g., through

utilizing macros, procedures, and functions)?

A.

C.

How many apolicable units (score entered on 4B)?

What is total score for all applicable units (add applicable
unit scores from 4B8)?

Calculate b/a and enter score.
How many applicable units (score entered on 4B)?

What is total scare for all applicable units (add appiicable

unit :nores from 48)?

Calculate /2 and enter score.
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METRIC WORKSHEET 4A C5CI LEVEL
SL5(3) a.  How many applicable units (answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)?

c.  Calculate b/a and enter score.

SL.6(1) a.  How many applicable units (score entered on 4B)?

b.  What 1s total score for all applicable units (add applicable
unit scores from 4B)?

¢.  Calculate b/a and enter score.
ST} a.  How many applicable units (score entered on 4B)?

b.  What s total score for all applicable units (add applicable

J Bl B0

unit scores from 4B)?

c.  Calculate b/a and enter score.

ST.1(2) a.  How many applicable units {score entered on 4B)?

b.  What 1s total score for all applicable units (add upplicable
unit scores from 48)?

B

¢. Calculate b/a and enter score.

ST.1(3) a. How many applicable units {score entered on 4B)?

“x
v,

00,

¥ b.  What is total score for all apphicable units (add applicable
- unit scores from 4B)?
o
o ¢.  Calculate b/a and enter score.
¥ {
= .
o ST.1(4) a.  How many applicable units (score entered on 4B)?
‘e
3
s 4A-26
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METRIC WORKSHEET %A

ST.1(5)

ST.U(6)

ST.21)

ST.2(2)

ST.2(3)
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b.

.

b.

C.

b.

What 15 total score for all applicable units (add applicable
unit scores from 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many units in this CSCI?

How many units modify the internal code or data of other units?

Calculate 1-(b/a) and enter score.
How many applicable units (score entered on 48)?

What is total score for all applicabie units (add applicable

unit scores from 48)”
Calculate b/a and enter score.
How many applicable units (score entered on 48)?

What 1s total score for all applicable units (add applicable
unit scores from 4B)?

Calculate b/a and enter score.
How many appiicabie units {score entered on 4B)?

What 1s total score for all applicable units (add applicable

unit scores from 48)?
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METRIC WORKSHEET %A

c.

ST.2(4) a.

b.

. c.
o ST.2(5) a.

P
P

r
f
v

c.
ST.3(3) a.
b.
c.
ST.3(4) a.

E_:; t.

o STA) .

S

IR

o b.
e

Ca

1_'.!‘:‘.

PLEA

Calculate b/a and enter score.

How many applicable units (score entered on 4B)?

What 1s total score for all applicable units (add applicable
unit scores from 48)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?

How many units with answer of Y (see 4B)?

Calculate b/a and enter score.

How many units mix the management of primary and secondary

storage resources with the management of data within the
storage areas (e.g., executive unit that allocates storage

for a process and controls what data can be accessed during process

execution)?

Calculate 1/(1+a) and enter score.

How many applicable units (score entered on 4B)?

What is total score for all applicable units (add applicable
unit scores from 4B)?

Calculate b/a and enter score.
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ST.4(2)

ST.4(3)

ST.4(4)

ST.4(5)

ST.5(2)

a.

C.

a.

C.

a.

a.

METRIC WORKSHEET 4A

How many applicable units (score entered on 48)?

CSCI LEVEL

What 1s total score for all applicable units (add applicable

unit scores from 4B)?

Calculate b/a and enter score.

How many global data items are used in the CSCI?

How many global data items are modified by one unit and

referenced by other units?

Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?
How many units with answer of Y (see 4B)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?
How many units with answer of Y (see 48)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 48)?
How many units with answer of Y (see 4B)?
Calculate b/a and enter score.

How many applicable units (answer of Y or N on 4B)?

How many units with answer of Y (see 4B)?
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METRIC WORKSHEET 4A CSCI LEVEL
¢.  Calculate b/a and enter score.

ST.5(3) a. How many applicable units (answer of Y or N on 4B)?
b.  How many units with answer of Y (see 4B)?
¢.  Calculate b/a and enter score.

ST.5(4) a.  How many applicable units (answer of Y or N on 48)?
b.  How many units with answer of Y (see 4B)?
¢.  Calculate b/a and enter score.

VS.1(1) a.  How many applicable units (score entered on 4B)?

5. What is total score for all applicable units (add applicable
unit scores from 4B)?

¢.  Calculate b/a and enter score.
VS.1(2) a.  How many applicable units (score entered on 48)?

b. What is total score for all applicable units (add applicable
unit scores from 48)?

Ej
.

'&..
'y
L

YRR

3

e ¢ Calculate b/a and enter score.
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METRIC WORKSHEET %A CSCI LEVEL

GLOSSARY

Argument List: A list of data elements that specify the input and output parameters
used during execution of a software unit.

Cohesion Vaiue. Tihw lype ol relationship that exists among the elements of each software
entity (Function, CSCI, Unit). The fc)lowing are relative
values for seven types ofcohesion.

COHESION TYPE VALUE
7)  Functional 1.0
6) Informational 0.7
5)  Communicational 0.5
4)  Procedural 0.3
3) Classical 0.1
2)  Logical 0.1
i)  Coincidental 0.0

The following are descriptions of the seven types of cohesion.
1)  Coincidental
o No meaningful relationships among the elements of an entity
o Difficult to describe the module's function(s).
2)  Logical
o Entity (at each invocation) one of a class of related functions (e.g., "edit
all data").
o Entity performs more than one function.
3)  Classical
0 Entity performs one of a class of functions that are related in time
(Program procedure).
0 Entity performs more than one function.
4)  Procedural
0 Entity performs more than one function, where the functions are related
with respect to the procedure of the problem (Problem procedure).
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METRIC WORKSHEET 4A CSCI LEVEL

GLOSSARY (Continued)

5)  Communicational
o Entity has procedural strength; in addition, all of the elements
"communicate" with one other (e.g., reference same data or pass data among
themselves).
o All functions use the same data.
6)  Informational
o Entity performs multiple functions where the functions (entry points tn
the unit) deal with a single data structure,
o Physical packaging together of two or more entities having functional
strength.
o All functions use the same data.
7)  Functional
o All entity elements are related to the performance of a single function.

Control Elements: Any data items that select an operating mode or submode in the
Software umt, direct the sequential flow, or otherwise directly influence the
function of the unit.

Control Variables: Any data items that select an operating mode or submode in the
software umit, direct the sequential flow, or otherwise directly influence the

function of the unit.

Coupling: The type of relationship that exists between two software entities (Functions,

‘:“ CSCls, Units). In achieving a highly modular design it is essential to minimize the
.:. relationships among software entities. The goal is to design software entities with
‘ ". low coupling. The scale of coupling from worst to best is: 1) Content Coupling, 2)
: Common Coupling, 3) External Coupling, &) Control Coupling, 5) Stamp Coupling
. and 6) Data Coupling.
N
N 1) Content Coupling - One software entity references the contents of another
- software entity.
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METRIC WORKSHEET 4A CSCI LEVEL

GLOSSARY (Continued)

2) Common Coupling - Software entities reference a shared global data
structure.

3} External Coupling - Software entities reference the same externally declared
symbol.

4)  Control Coupling - One software entity passes control elements as arguments
to another software entity.

5)  Stamp Coupling - Two software entities reference the same data structure,
which is not global.

6) Data Coupling - One software entity calls another and the software entities
are nut coupled as defined above (in I through 5).

Data Element: A spectfic entity of data (e.g., variable, constant, coefficient, etc.).
Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).
Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Cesign Representation: A formal statement of the details cr organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,
HIPO Charts, PDL, etc.

Haistead's Levei o1 Ditticulty: The metric is based cn Halstead's concept of the level of

difficulty. A program with a high value of difficulty is likely to be more difficult to
construct and this may lead to more errors. The level of difficulty is a measure of
"error-proneness"., Programming difficulty increases if additional operators are
introduced and if an operand is used repetitively.

Lines of Code: The number of lines of source rede, excluding comment lines and blank
lines.
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GLOSSARY (Cenxinued)

. Microcode Instructions: A low-level computer instruction specifying a single machine

operation.

Multiple Transfe. Index farameter: A value used to select a variation in the order of

code execution (i.e., case statement, progtem switch, etc.).

Range-Test: A test performed to validate the object of interest aver the complete
spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects
(i.e., table mdex, array index, etc.).
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METRIC WORKSHEET 4B UNIT LEVEL
WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION
1. Enter the name and contract number of the project.
. Enter the date the worksheet is prepared (month, day, year).
. Enter the name of the person responsible for completing the worksheet.
Enter the name of the entity to which the worksheet is applied.

woS W N

. Enter the number and name of all documentation which is used as source
material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's sbservations on product quality and

any additional .nformation regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,
N = no, N/A = not applicable) or by entering the appropriate value. A glossary of
terms is provided at the end of this section.
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METRIC WORKSHEET 4B

SECTION A - GENERAL INFORMATION

1.  PROJECT

UNIT LEVEL

2. DATE

3.  INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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METRIC WORKSHEET 48 UNIT LEVEL
SECTION B - METRIC QUESTIONS

AM.G3)  d. When an error condition is detected, is resolution of the error determined

by e calling i’ Y IN N7
AM.2(7)  d. s a check performed bufore processing begins 1o Jetermine that all cata
is available? Y ININY:

AP.U(1)  d. s the unit free from specific references to the data base management scheme
(e.g., all data calls for data base information are processed through an exe-
cutive)?

AP.2(1) d. How many parameters in the argument list for the unit?

e.  How many global variables are referenced by the unit?

Z B
>

f.  Calculate d/{d+e) and enter score. ;

AP.2(2) d. Do the comment. for global data explain where the data is derived, the

2
Zz

data's composition, and how the data is used? M

AP.2(3) d. s the logical processing free from specific data storage and retrieval

references (e.g., data symbolically defined and referenced)?

AP.2(4) d. Do the comments for all parameter input and output and local variables
explain the composition and use of each data item? NN/A

| <
P, g
' z
: [~
X >

AP.3(1) d. Is the unit free from specific references to the computer architecture?

N/A
AP.3(2) d.  How many lines of source code, excluding comments?

e.  How many non-HOL lines of code, excluding comments
{e.g., assembly language)?

|
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METRIC WORKSHEET 48

AP.4(1)

AT.1(1)

AT.2(1)

AT.2(2)

CP.1(2)

CP.1(¥)

CP.1(9)

CP.1(10)

CS.1(2)
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d.

d,

f.

e.

UNIT LEVEL

Calculate e/d and enter score.

Is the unit free from microcode instruction statements? Y [N INJA]
Are all variable dimensions and sizes of dynamic arrays defined parametri-
zally? (Note that this question must be answered N rather than N/A where

the language does not provide for parametric derinition.) Y ININ/A]

Are all accuracy, convergence, timing attributes, and timing limitations
defined parametrically?

Are tables used in @ manner which would ease the task of changing or

expanding capability? Y IN IN/A
How many data references are identified?

How many identified data references are documented with
regard to source, meaning, and format?

Calculate e/d and enter score. |_IN/A
How many data references are identified? T INA
How many identified data references are computed or obtained

from an external source (e.g., referencing global data with
preassigned values, input parameters with preassigned values)? [ In/A
—T%7A

Are all conditions and alternative processing options defined for each decision

point? [¥ TN [NJA]
Are all parameters in the argument list used? iy IN [N/A]
Does the calling sequence protccol (between units) comply with estab-

lished standard? Y TN [N/A
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METRIC WORKSHEET 4B UNIT LEVEL

ZS.(3)  d.  Does the external 1/O protocol and format comply with the est blished
standard?

CS.1(8)  d.  Does the handling of errors comply with the estahlished standard?

R R
Ei E% Ei
3 B B

CS.1(5) d. Do all references to this un.t use the same, unique name?

¢s.2(D) d.  Does all data representation comply with the established standard?

]
%]
5

CS.2(2) d.  Does the naming of all data comply with the established standard?

CS.2(3) d. Is the definition and use of all global variables in accordance with the
established standard?

=IE
g B

CS.2(6) d. Do all references to the same data use a single, unique name?

<]
]
8

EP.I(2) d.  How many loops in this unit (while, repeat until, and iteration
loops)?

e.  How many lcops contain non-loop dependent statements (e.g.,
initializing a non- loop dependent variable)?

EP.1(3) d.  How many units are required to be optimized for processing
efficiency?

e. How many units are optimized for processing efficiency
(i.e., compiled using an optimizing compiler or

¥

coded 1n assembly language)?

R
l
r

CINA
f.  Calculate 1-{e/d) and enter score.
(CIN/A

f.  Calculate 1-{e/J) and enter score.

AT
[
PR

¥

;‘ EP.1(4) d. How many instances of two of more operations in an
in
o expression (1.e., compound expression)? N/
-5
: 4B-.5
x~..
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METRIC WORKSHEET 48 UNIT LEVEL

e. How many compound expressions ar. recalculated needlessly
(all variables in the expression have not been

reassigne! values)?

f.  Calculate 1{e/d) and enter scure. N/

EP.1(6) d. How many instances of bit/byte packing/unpacking

are performed?

d

e. How 1any instances of bit/byte packing/unpacking are
performed needlessly within a loop (could be performed

outside the loop)? HE
f.  Calculate l-(e/d) and enter score. N/
EP.2(4) d. How many arithmetic expressions? CINA
e. How many arithmetic expressions with different sized components
in the same expression (e.g., bytes/word/doubleword)?
f.  Calculate 1-(e/d) and enter score.
EP.2(5) d. tHow many arithmetic expressions? [ IN/A
e. How many arithmetic expressions with mixed data types in
the same expression {e.g., integer/real/boolean/l'teral)?
f. Calculate 1-{e/d) and enter score.
EP.207) d. How many data items (e.g, arrays, constants, variables)? [m
e.  How many data items are modified”? [:@
f.  Calculate l-{e/d) and enter score. N

A-170
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METRIC WORKSHEET 4B

ES.1(6)

FS.1(1)

FS.1(2)

GE.2(2)

GE.2(3)

ID.1(1)

ID.1(3)

MO.1(3)

SR R
e A g g 8 1 g 0

d.

d.

e.

f.

“t e
. e
o

- - . - P R
B T N T N T I R

Are there any data packing operations?

Does this unit perform a single functivn?

Is a description of the function(s) provided in the comments?
Is this unit free from machine-dependent operations?

Is this unit free from strict limitations on the volume of
data items it processes (e.g., data volume limits are
parameterized)?

Is this unit free from strict limitations on the values of
input data {e.g., no error tolerances are specified; no range
tests or reasonableness checks are performed)?

How many lines of code, excluding comments?

How many references to system library routines, utilities,
or other system-provided facilities?

Calculate 1-(e/d) and enter score.
[s the software free from any non-standard constructs of
the implementation language?

Are the estimated lines of source code for this unit 100 lines
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» METRIC WORKSHEET 48 UNIT LEVEL

‘ or less, excluding comments? [Y NN/
"
MO.I(5) d.  How many parameters are there in the calling sequence? T 1N/A
N
‘ “: e. How manycalling sequence parameters are control variables (e.g.,
. select an operating mode or submode, direct the sequential
tlow, directly influence the function of the software)?
f.  Calculate e/d and enter score. N/
MQ.i(5) d. s ail input data passed into the unit through calling sequence
parameters (1.e., no data is input through global areas
or input statements)?
MO.1(6) d. Is output data passed back to the calling unit {e.g., through
calling sequence parameters of global areas)? ¥ [ININ/A]
MO.1(7) d. Iscontrol always returned to the calling unit when execution
is completed? Y INTN
MO.I(8) d. Is temporary storage (i.e., workspace reserved for intermediate or
partial results) used only by this unit during execution (i.e.,
1s not stored with other units)?
MO.1(9) d.  Does this umt have a single processing objective (i.e., all processing
. within this unit 1s related to the same objective)? N/A
¥
MO.2(5) d.  What 1s the cohesion value of this unit? [ IN/N
SD.U(1)  d.  How many lires of source code, excluding comments?
e.  How many non-blank lines of comments?
f.  How many lLnes of source code with embedded comments” ISR/
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METRIC WORKSHEET 48

SD.2(1)

SD.2(2)

SD.2(3)

SD.2(%)

$0.2(5)

SD.2(6)

$D.2(7)

SD.2(8)

SD.3(1)

SD.3(2)

SD.3(3)

SD.3(4)

d.

d.

d.

d.

Calculate (e+f)/d and enter score.

Are tnere prologue comments which contain all information

in accordance with the established standard?

Are the 1dentification and placemer.t of comments in accordance
with the estabhshed standard?

Are all decision points and transfers of control commented?

Is all machine-dependent code commented?

Are all non-standard HOL statements commented?

Are the attributes (i.e., usage, oroperties, units of measure,
atc.) of all declared variables described by comments?

Do all the comments related to operations describe the

purpose or intent of the operation {e.g., comment states "increment

table look up-index" rather than “increment A by 1")?

Are the range of vajues and the default conditions associated
with all input parameters described by comments?

Is the unit coded using only a higher order language?
Are all variable names descriptive of the physical or
functional property they represent (e.g., variable names
*XCOORD, YCOCRD" rather then "Al, A2")?

Is all the code logically blocked and indented?

How many lres of source code, excluding comments?

How many lines of source code containing more than one
statement”
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METRIC WORKSHEET 48

f. How many continuation lines of code?

g.  Calculate t-{(e+f)/d) and enter score.

~
~

=
-

SD.3(5) d. Is the unit structured in the standard format”

SD.3(8)  d.  Are all language keywords used only with their predefined
meaning {e.g., no keywords are also used as variable names)?

SL.1(2) d. Is the unit independent of the source of the input and

UNIT LEVEL
Y [N IN/A|

the destination of the output”

S1.1(3) d. s the unit independent of knowledge of prior processing? [Y IN IN/A]
SLU(®) d.  Does the unit description/prologue include input, output,
processing, and limitations? [Y ININ/A]

SL.I(5) d. How many entrances to the unit?
e.  How many exits from the unit?
f.  Calculate (1/d + 1/2)(x %) and enter score.

S1.3(1) d.  How meny conditional branch statements are there (e.g., IF,
WHILE, REPEAT, DO/FOR LOOP, CASE)?

&. How many unconditional branch statements are there {e g

GO TO, CALL, RETURN)?

f.  Calculate 1/(i+d+e) and enter score.

TRRLL

SLa(l) d. Is the flow of control from top to bottom (i.e., flow of
control does not jump erratically)? Y N {NJA
SL4(2) d. How many lines of estimated source code, excluding comments” N/
4B-10
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e.

f.

S1.4(3) d

f.

SL4(4) d.

1.

SL4(S) d.

S1.4(6) d.

f.

SL4(7) d.

-
y
.
R
)
k.

S1.4(8) d.
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METRIC WORKSHEET 4B

How many negative boolean and compound boolean expressions
are used?

Calculate L-(e/d) and enter score.
How many loops (e.g., WHILE, DG/FOR. REPEAT)?

How many loops with unnatural exits {e.g., jumps out of
loop, raturn statement)?

Calculate 1-{e/d) and enter score.
How many iteration loops (i.e., DO/FOR loops)?

In how many iteration loops are indices modified to alter
fundamental processing of the loop?

Calculate t-(e/d) and enter score.

Is the unit frce from all self-modification of code (i.e., does
not alter instructions, overlays of code, etc.)

How many lines of source code, excluding comments?

How many statement labels, excluding labels for format
statements”

Calculate, 1-(e/d) and enter score.
What 1s the maximum nesting level?
Calculate 1/d and enter score.

How many Lnes of source code, excluding comments?

How many branches, conditional and unconditional?
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METRIC W_QRKSHEET 48 UNIT LEVEL
{. Calculate t-{e/d) and enter score.
SL4(9) d.  How many lines of source code, excluding comments?

f. How many data manipulation statements?

—_IN/A
[ TN/A
e.  How many data declaration statements? 1 N/A
I ERYEY

CTVA

g.  Calculate !-((e+f)/d) and enter score.

SL4(10) d.  How many total data items, local and global, are used?

e. How many data items are used locally (e.g., variables

declared locally and value parameters)” C1NIA
13N

f. Calculate e/d and enter score.

Si4(11)  d.  How many lines of source, excluding comments? I::x_\l—@
e. How manv total data 1items, local and global are used? :@
f.  Calculate 1-(e/d) and enter score.
SL4(12)  d.  Does each data item have a single use (e.g., each array
serves only one purpose)? YINTN/A
Si.a{i3) d. s this unit coded according to the required programming standard? Y NN/ &
SL5(1) a.  How many data itemns are used as input?
e.  Calculate 1/(1+d) and enter score. NTA
S$1.5(2) 4. How many data items are used for output? RN REY

e. How many parameters in the unit's calling sequence return
output values? ! NE
48-12

A-176

- - o . - N v . *oc » T e A U P}
vy e L. . L TR AT R T T . DA R e <L e
T 2 J«'-.“‘.u\'—'-"" *he 'y - Ve e R WY e T e N LS e
A < v DAL L Y I . . [P A P S A N AL
N ..-,-_-_-_-_.e,s.\'»-“*,., LRV I N A A AR TR S AR O a e e al LIRS At a

B

“ t. -
“ - P % o~ + e b vt e . El
o i, oot e Ry oy g g 4 g gty T eyt et fog B st T ne s “ Sl L ST TR e st R RV R




N
A'/).;

-'
T
W3¢ -z'rm,

e e SR A0 B N

METRIC WORKSHEET 48 UNIT LEVEL

£ Calculate e/d and enter score. C1N/A
S1.5(3) d.  Does the unit perform a single, nondivisible function? N/A|
SI.&(1}  d.  How many unique operators?

e.  How many unigue operands? T INIA

f.  How many total operands? [ 1N/

g. Calculate 1-((2 x e)/(d x f)) and enter score. TN
ST.I(L) d. How many data items are in this unit's interface (i.e., data

ST.1(2) d

ST.1(3) d.

e.

ST.1{%) d.

ST.L(D) d

.L‘

“IL\: 4,

\'Lvl

i - -~ ~ -
N A T T
'\':))‘ £ -"\.‘*.'-.‘ 4

items used to input or output data)? —TNA

Calculate /(1 + d) and enter sco.e. T

How many global data items in this unit's interface are not
adequately commented (i.e., lack comment regarding the purpose,

type, or hmitations)? IN7A

Caiculate 1/d and enter score. R
How many data 1tems are in the unit's interface?

How many interface data items are in the unit with negative
qualification lagic (e.g., boolean valuss that return

"TRUE" upon failure rather than success)? [ N/A
Calculate 1-{e/d) and enter score. N/
How many data ttens are in this unit's interface? [ 1INV
Calculate 1/(1 + d) and enter score. T8

Is the unit interface establisned solely by arguments
48-13

A-177

-
o s P s R Pt Rt . T i v, e Y iy T

v

L W Y

-

PRt PC N LN R g

e

e,

B Vi nl ol LA -2 I NN VU I NG S 7Y

sF TWaT el 0T -0 T

v v e =
IR

T

TR

RIS S

o ot S g S'S g s §

-~

CTCR

e

-

-
G

T

P ‘!)

.
‘“‘h‘ Ty



METRIC WORKSHEET 48 UNIT LEVEL

ST.2(1)

ST.2(2)

ST.203)

ST.2(4)

ST.2(5)

ST.3(3)

ST.4(1)

d.

e.

e.

d.

e.

é

n the calling sequence parameter list.

How many unique execution paths are in the unit?

Calculate 1/d and enter score.

How many conditional branch statements are there {(e.g.,
IF, WHILE, REPEAT, CASE).

Calculate /(1 + d) and enter score.

How many other units are called by this unit (e.g., calls to other

functions, subroutines, and procedures)?
Calculate 1/(! + d) and enter score.

How many iteration locos are thece in the unit (e.g., DO,

Hgg!g!g

FOR loops)? N/A
Calculata 1/(1 +d) and enter score. L [ N/A
Are there comments regarding the units called by this unit

and the units which call this unit? YININ/A]
Is temporary storage (i.e., work space reserved for intermediate or

partial results) used only oy this unit during execution (i.e.,

15 not sharad with other units)? [ TN/R
How many global data items are used in the unit? | N/A

How many parameters are in this units calling sequence

parameter list” ! ] \JZ§

Calculate e/d and enter score. CTNIR

4B-14
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METRIC WORKSHEET 48

5 T.4(2) d.  How many global data items are used in this unit?
e.  Calculate /(1 + d) and enter score.

ST.4(4) d.  Does this unit have a single entrance (i.2., all units calling
this unit must enter at the same location)?

L.

L

‘

.

::‘ ST.4(5) d.  Does this unit's communication with all interfacing units

" pass only data parameters (i.e., does not pass any

_; control elements)?

3

2 ST.5(1) d. Is the unit free from unnecessarily recomputing the same value?
:

-( ST.5(2) d. s the unit free from statements which are never executed?

™

ST.5(3) d.  Is the meaning of each data item consistent throughout the
unit (i.e., the use associated with each data item does not
change)?

ST.5(4) d.  Is the unit free from unnecessary intermediate data items?

VS (M) d.  How many execution paths are there?

ST
s g8 B8 B B 2

e. How many execution paths are tested?

f. Calculate e/d and enter score. : N
VS.I(2)  d.  How many total input parameters are there?
2 e. How many input parameters are tested? L IN/A
;E f.  Calculate e/d and enter score.
E
N
b
EQ 4B-15
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GLOSSARY

.
B

Argument List: A list of data clements that specify the input and output parameters
used during execution of a software unit.

Cohesion Value: The type of relationship that exists among the elements of each software
entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion.
COHESION TYPE VALUE

7)  Functional 1.0
6) Informational 0.7
5)  Communicational 0.5
4)  Procedural 0.3
3) Classical 0.1
2)  Logical 0.1
1) Coincidental 0.0

The following are descripticns of the seven types of cohesion.
1) Coincidental
o No meaning ful relationships among the elements of an entity
o Difficult to describe the medule's function(s).
2)  Logical
o Entizy (at each invocation) one of a class of related functions (e.g., "edit
all data").
o Entity performs more than one function.
3) Classical
o Entity performs one of a class of functions that are related in time
(Program precedure),
o Entity performs more than one function.
4)  Procedural
o Entity performs more than one function, where the functions are related
with respect to the procedure of the problem (Problem procedure).
5)  Communicational
o Entity has procedural strength; in addition, all of the eler .1ts
"communicaie" with one other (e.g., reference same data or pass data

4B-16
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GLOSSAR' (Continued)

araong themselves).
o All functions use the same data.
6)  Informational
] Entity performs multiple functions where the functions (entry points in
the unit) deal with a single data structure.
o Physical packaging together of two or more entities having functional
strength.
o All functions use the same data.
7)  Functional

o All entity elements are related to the performance of a single function.

Contro! Elements: Any data items that select an operating mode or submode In the

software unit, direct the sequential flow, or otherwise directly influence the
function of the unit.

Control Variables: Any data items that select an operating mode or submode in the

software uit, direct the sequential flow, or otherwise directly influence the function of
the unit.

Coupling: The type of relationship that exists between two software entities (Functions,
CSClIs, Units). In achieving a highly modular design it is essential to minimize the
relationships among software entities. The goal Is to design software entities with low
coupling. The scale of coupling from worst to test is: 1) Content Coupling, 2) Common

Couphling, 3) External Coupling, 4) Control Coupling, 5} Stamp Coupling, and 6) Data
Coupling.

1) Content Cauphng - One software entity referances the contenis of anutlier
software entity.
2)  Common Coupling - Software entities reference a shared global data

structure.

3)  External Coupling - Software entities reference the same externally declared

symbol.
4B-17
Mt et R A O T T e o e I ST Y .
. e = > . e e '«L.‘-A:;Lh*'. A ".,"'- <. ..-".“.'"
DY - S U e I A AP PP e I o
~ "(-'\"- - - * -u.-‘n"yl"-'-‘ M Tt M e .
I LR} - - - - . - - '\\:

.

-

Al rﬂ_ 'ﬁulr.v!,"! E w

hy
.

[P

y v s v v s s o

PP -

P et ol ol © SR L BAPY

v xz-

-~y v p

PR

LI R PSS i o (L

1

DU I {1

E T e Ta

L SAPL AN

. - [P PR T A" et " .
B S . J R ekl W et e -
e W



l.l'l.".

.;'1
Tt i

i, ,

-
“!-\
e

e T e TR e

*ﬂ-‘h .;. ,)p

o r ’-".«’r W‘J‘r_p- x"-

METRIC WORKSHEET 4B UNIT LEVEL

GLOSSARY (Continued)

4)  Control Coupling - One software entity passes control elements as arguments
te another software entity.

5)  Stamp Coupling - Two soitware entities reference the same data structure,
which is not global.

6) Data Coupling - One software entity calls another and the software entities
are not coupled as defined above (in | through 5).

Data Element: A specific entity of data {e.g., variable, constant, coefficient, etc.).
Data Item: A spectfic entity cf data (e.g., variable, constant, coefficient, etc.).

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Design Representation: A formal statement of the details or organization of a design
using one of a number of design representation methodologies, such as, Flow Charts,
HIPO Charts, PDL, etc.

Halstead's Level ot Difficulty: The metric is based on Halstead's concept of the level of

difficuity. A program 'vith a high value of difficulty is likely to be more difficult to
construct and this may lead to more errors. The level of difficulty is a measure of
“error-proneness”.  Programming difficulty increases if additional operators are
'ntroduced and if an operand is used repetitively.

Lines of Code: The number of lines of source code, exciuding comment lines and blank

lines.

Microcode Instructions: A low-level computer instruction specifying a single machine

operation.
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METRIC WORKSHEET 4B UNIT LEVEL

Multiple Transfer Index Parareter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test perforined to validate the object of interest over the complete
spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects (i.e.,
table index, array index, etc.).
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APPENDIX B
FACTOR SCORESHEETS

Appendix B contains thirteen factor scoresheets—one for each quality factor. Each
scoresheet is used to score metric elements using worksheet answers and to score the
parent metrics, criteria, and factor. A factor scoresheet summary is shown on the
next page that includes criteria applicable to each factor. :
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APPENDIX C

SOFTWARE QUALITY EVALUATION REPORT
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Appendix C contains the specification of format and content for the Sc “tware Quality |
Evaluation Report document. Information is in data item description DID) format. |
The Software Quality Evaluation Report is used to describe results of metric data '
collection and analysis.
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DATA ITEM DESCRIPTION s IoeNTITICATION wots)

ACENCY NUMBER

1 nITLe

Software Quality Evaluation Report USAF
3 ORICAIPTION/ PURBOSK T areAGVAL GATE hann
The software quality evaluation report contains a quanti-
tative assessment of achieved software quality factor T OFFICK OF FATMARY

REMPONMMLITY

levels for products released at incremental points during
the software development cycle. This report is used by

the Air Force to track quality levels and to assess com- [¢ ooc mtouineo
nliance with quality factor requirements in specificationg.

0. APPROVAL LIMITATION

7 ARPPLICATION/INTERARL ATIONSHIP
The software quality evaluation report describes the re-
sults of metric data collection and analyses. A report
is normally prepared near the end of each software devel-[s SErEnxnctsGendion < ciedin
opment phase. Each report should contain metric data and
data analyses to address each software quality factor
requirement specified in the system requirements spec-
ification.

MCSL NUMBER(N

10 PREPANRATION INSTAUCTIONS

1. General Requirements. The software quality evaluation report shall describe
results of metric data collection and analyses. O0ata analyses information shall
include correlation of metric scores to factor scores for each software quality
factor requirement. Raw metric scores and factor scoring trends shall be inciuded.

2. Detailed Requirements. For convenience in describing the minimum essential
content, the following paragraphs show a normal format for presentation of materi-
al. In the following description, paragraph headings and numbers indicate the
general nature of the topic¢ and are minimum mandatory requirements.

a. Section 1.0 - Introduction. This section shall describe the purpose
and scope of the report.

b. Section 2.0 - References. This section shall 1ist both government and
non-government references and shall include identification of system/software
products used as source material for metric data cnllection.

c. Section 3.0 - Software Quality Evaluation Data. This section shall
describe detailed results of metric data collection and analyses and shall identify
variations from software quality requirements.

(1) Paragraph 3.1 - Product Source Material. This paragraph shall de-
scribe the software development phase and system/software products used as source
L.material for collecting metric data.

FORM . . .
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(2) Paragraph 3.2 - REEufrement Allocation Relationships. This
paragraph shall identify and describe the derivation of relationships used
for scoring based on the allocation of gquality factor requirements to soft-

ware elements (CSCIs and units). Formulas and lists should be used. For
example, Qsfl « (Qf1 + Qf2 + ... + Qfn)/N, where:

- v > e_=

Qsfl is the quality factor score for system-lavel function 1,
Qf1 is the quality factor score for software element 1,
Qf2 is the quality factor score for software element 2,

PRIFEEIRT L "2 2N

aﬁ& Qfn is the quality factor score for software element n.

One formula is required for each software quality factor of each system-level
function for which software quality factor requirements have been specified.
This paragraph shall also identify the specific relationships (criteria and
metrics to factors) which were used to calculate software quality factor
scores.

(3) Paragraph 3.3 - Data Collection. This section shall describe
results of metric data collection and reduction and shall include descriptions
of:

(a) Selection and use of metric worksheets to collect metric
element data.

(b) Selection and use of metric scoresheets to compute
metric scores, criterion scores and factor scores.

(4) Paragraph 3.4 - Data Analyses. This section shall describe
results of metrics data analyses and shall include descriptions of:

(a) Computation of quality factor scores for each system-
level function.

(b) Comparison of metric scoring with specified quality
factor requirements (goals) and analyses of variations from requirements.
Causes and remedies shall be expl-red for each variatjon.

(¢} Trend analyses, showing software quality factor scoring
trends with respect to software development phases.

(5) Paragraph 3.5 - Recommendations. This paragraph shall pro-
vide the following:

(a) Explanations and rationale for scoring variations.
(b) Recommendations for correcting scoring variations.
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Software Quality Evaluation Report

d. Appendix A - Summary Infermation. This section shall L2 included
as an appendix to the software quality evaluation report. It shall include
textuai and pictorial material to elaborate and refine material presented in
section 3, Software Quality Evaluation Data. These items shall inciude tabu-
lar representations of:

(1) Software quality factor requirements allocation to software
elements.

(2) A comparison of software quality factor scoring with speci-
fied requirements.

(3) Quality Criteria scoring for each factor.

(4) Quality Metric scoring for each criteria.

o v cpm—g o WA Smmita e a m e

e. Appendix B - [actor Scoresheets. This section shall be included |
as an appendix to the software quality evaluation report. It shall contain |
the scoresheets with scores for all applicabie factors, criteria, metrics,
and metric elements. {

i

f. Appendix C - Metric Worksheets. This section shall be included
as an appendix to the software quality evaluation report. It shall contain !
the metric worksheets with answers to all applicable metric element questions.
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MISSION
of

Rome Air Development Center

RADC plans and executes research, development, test and
selected acquisition proghams in support o4 Command, Controf
Communications and Intelligence (C31) activities. Technical
and engineerning support within areas 04 Lechnical competence
4 provided to ESD Program Offices (PUs) and other ESD
elements. The prinedipal technical mission areas are
communications, electromagnetic guidance and econtnol, surn-
velllance of ground and aerospace ob feets, intelligence data
collection and handling, information system technology,
80Lid state scdences, electromagnetics and electronic
reliobility, maintainability and compatibility.
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